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(54) Title: ADHESIN-OLIGOSACCHARIDE CONJUGATE VACCINE FOR HAEMOPHILUS INFLUENZAE 



(57) Abstract 

Disclosed herein are immunogenic polysaccharide-//, influenzae adhesin protein conjugates, a purified H, influenzae ad- 
hesin protein and related proteins and polypeptides, DNA useful for producing the proteins, synthetic polyribosylribotol phos- 
phate (PRP) oligosaccharides and intermediates useful for their synthesis, and methods of making and using these materials. The 
conjugates comprise a PRP fragment, preferably a synthetic oligosaccharide, coupled to an H. influenzae adhesin protein- The in- 
vention further comprises purified //. influenzae adhesin proteins and novel PRP oligosaccharides. The invention also comprises 
methods of producing these materials and using them in a vaccine to protect humans and other mammals against H influenzae 
infeaion. 
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ADHESIN-OLIGOSACCHMaDE CONJUGATE 
VACCINE FOR HAEMOPHIIXJS INFmENZAE 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part 
application of U.S. patent application Serial No. 07/ 
903,079, filed June 22, 1992, which is a continuation-in- 
part of U.S. patent application Serial No. 07/810,966, 
filed December 20, 1991, which is a continuation-in-part 
application of U.S. patent application Serial No. 07/ 
631,698, filed Decexnber 21, 1990, all of which are 
incorporated herein by reference in their entirety. 

This invention relates generally to vaccines 
against Haemophilus influenzae . In particular, it relates 
to a conjugate vaccine in which a synthetic oligosaccharide 
corresponding to a fragment of the polysaccharide capsule 
of H, influenzae type b has been coupled to an IL. 
influenzae adhes in protein. The vaccine may be used 
against both invasive and non-invasive H. influenzae infec- 
tion of humans, particularly very young infants, and other 
mammals. 

H. influenzae (Hi) are divided into two groups, 
those strains that possess a polysaccharide capsule and 
those that do not. The encapsulated strains are typed by a 
serological reaction of a capsule with reference antisera. 
Types a-f have been identified. The non-encapsulated 
strains, which fail to react with any of the reference 
antisera, are known as non-typeable. 



I 
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under 18 months of age, which is the group most threatened 
by Hib, 

It has been known for many years- that antibodies 
directed against the 'type b capsule will protect 
individuals against invasive Hib infection, including 
meningitis. In a randomized, doxible-blind clinical trial 
in Finland, a type b polysaccharide vaccine was found to be 
90% effective in presenting disease in children immunized 
between 24 and 72 months of age. However, the vaccine 
conferred no protective immunity in children younger than 
18 months and provided only limited immunity in children 
aged 18-23 months. Peltola, et al., N, Enal, J> Med, . 
310:1561-1566 (1984). The type b polysaccharide elicits a 
T-cell-independent imm\ine response, which probably accounts 
for the low immunogenicity in young children. 

Based on these data, three type b polysaccharide 
vaccines were licensed in the United States in 1985 and 
were recommended for use in children aged 24-60 months. 
These vaccines obviously have a major problem. They do not 
adequately protect children under 24 months of age, the 
group most succeptible to H. influenzae disease. 

There are other problems relating to the fact that 
the polysaccharide is obtained from natural sources. 
Although purified, the polysaccharide fragments are of 
various lengths and, therefore, not as well characterized 
as desirable. This creates problems with respect to 
reproducibility and variable potency. Also, since 
naturally occurring polysaccharide must be isolated from a 
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A few groups have been able to synthesize small PRP 
oligosaccharides fdr exalpi e , -gfircii^e^fi^^a€^^^ 
Publication- * • 3a»^^&«2-aatea^jaiie^^^^ ^f^i^brStW^ ''''"^ 

herein by-referfeftc^, aigdloses^^fie-S j^uLl l gs fg^^^ 
PRP .oli^oSaech&tSafefe' of 2-So'^fiHs^^t!^he£t ^o>^?Lct^^ 
attachmeht to-l«ho^eftiS"^Jrfete^J:*fif ^^ip#ff ic^lly '^etahtiVor 
diptheria^ toxins^ or to^ipiaSV- fSi^6Ti^ci^a6cl^H^e5-^e 
linked to the '^proteins ^througfi ir • spafeer i^^* ^A ^h^iisph^ 
triester synthetic- procedure waS^us&J ^i€f ^\iv^^^-^ ' • ' - ' 
oligomerizatiohv -' European ^Pairenf ^ff ice ^ ' ' ' ' 

0 276 516 dated -August 3/ 1988^ * ihcorpbfateld 
reference;" also^diSfilbses ^iSyntheH^ '2- 
20 monomers in length/ tfieit cdiijugatibn 'to'^^^^ 
proteins, and the use of the conjugates as vaccines against 
Hib. The oligosaccharides*^ are ^t^^ "^^^ 
phosphbtriester synthetic procedure for oligomerization. 
Both of these involved solution-type synthetic techniques 
for the preparation of the PRP oligosaccharides. 

Elie, et al,, Reel, Trav, Chixn. Pavs-Bas . 108:219- 
223 (1989), incorporated herein by reference, discloses the 
solid-phase synthesis of a PRP hexamer.. The units were 
coupled using a phosphite triester method and controlled- 
pore glass as the^ solid' sup]pbi^:'' '~ * * ' 

The use of synthetic PRP fragments should provide 
several advantages over the PRP obtained from natural 
sources. Synthetic PRP is chemically well-defined and 
characterized. It would be of superior quality and less 
prone to produce side f fects' iif humans/-"T1:s fee would 
also obviate p^bbleis Vel^in^ to rfeprxJduM1)ili^:yV potenc]^, 
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influenzae ; therefore, anUbodi^s. -to it non-protective 
agaiost thBs^j^^':,^rS^99n^<i^^^^^^^ pr.obl«ias.,with 
-re55.ec;t. <•« ■gejgoducibilit yr» ,pcrti#nc y^r; ai>d #*J«fcy. > : r. - 

There^^r« s^ver«l aveniiesi ^ofejonr^going research-on 
waya oto overcone, jt^se- HJoAtat»on%j:j^^eijapproach ihas been 
to .develop procedures for Hib polysaccharide synthesis. 
The Hib capsule consists of a linear homppolymer of 
alternating noleculfiS' of; vrit>9se..>an* joined by. a<... 

phosphodiester,^.in>age, r^es.en*«ed .*>yr;thfr f ollowingiar 
formula: — 



^ l...,..S.i 



O OH J 



MO— I V 



The polymer is known as polyribosylribitol phosphate and 
abbreviated PRP.... oo .bc-cs <>." A!.i =. ;i i- -^i- - • ■«-* -"■-• 

, The. PRP obtained., froiB.naturalcSourceS'-.as crude .. 
degraded polysaccharide. It , varies , im^iwlecular rweight:.u 
between 200 KD . andt.200 , OQp KD, 
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depends upon •the^itraift frBm which ^ they are- bbtaine^d/ ^ they 
are cross^-reaet t^l?6 '^have*'^vejry*^'5iiillr^ tSitxtP aHid • - T ^ 

sequences.- i The proteins^^are fedupSSa^-ttf 'HCP "tfSi^BtB^ 
reductive aAination?^ -The PJiP^ftagmfehts'^are-b ftSm 
nat^aMlly -'becurf^inf T»Rp-'u ^^The 
application states that .the carrier proteins themselves may 
confer immunity. 

This ap^rdach also suffers froA' certain' lim 
tions. The out€£* laembran^ proteins '^*ay* -vary^-l^ 
types or se'iftJtyiJes^tyithtn-a^^^^ fe€^' 
al., in S.H. Sel:P^=afiff'P*^Fl Wr'gqht ^ f edV ^ Haeihofihlius 
Influenzae: Ep£demi61oayr^ jin a-^riveHtion , (New 

York: Elsevier Biomedical (1982)). Therefore, a vaccine 
based upon a particular outer membrane protein 'may not be 
effective against the ^'brx:>ad^r-epedtrv^ pathbg&hifi^fi^-^" 
influenzae bacterid and 'ii«ay ^h«: -^vefi^e- if f ectiv^' acfaxfliit 
all strains ot ^g^Q^^ •y::OX:c\-r, rt^^^iororr ur an^.x)ooi^^.:^r:. tv- i:!:^ 

Others K^ve ^f octised' oh Hi proteihs^ -ai^ ^ 
alone as vaccine icandidates. Tor eS see'^!>crr Wib 

tion No. wo 90/02557/ pUbrishiedT^arcK 22r-l^&ep^^ 
incorporated" herein" by reference: This * apprifiat ibii ^ • ^* ^ ^ • ^ ^ 
discloses two *«it4genically related ffincmtej^-mettji-atte^ ^* ^ • 
proteins with a molecular weigh€ of aliotiit'^^^^^ 
further discloses related fusion proteins and fJeptide frag- 
ments of the outfer mexttbrahe proteins/^ of purifying 
the proteins, and methods of making them" by genetic 
engineering. All of these are ^claimed -to be -^^^^^ as 
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and safety associ^^^ vi4:h' PRP obtained rfroin natural ^ ; 
sources.-/ In vadd±tiTO,p while the naturally occurring PRP is 
generally cross-linked to the protein carrier at random 
points along its itoin.^ .;:syjithet-ic ciPRFucaniiie^^^^ 
through Ta single point.>' which crjeattranl^s^ undesired r-^^r ; > 
epitopes* . . v^^cr^m^^ .:.j.i>c yr: 

This research promises inqjrovements to^ existing 
vaccines, but therefore still drawbacks. First, the PRP 
synthesis is complicated and relatively inefficient. Thus, 
there is a need for improved synthesis procedul^es ^ Second, 
these improvementj^^^ill be limited.* to rvaccihes against Hib . 

^ Another '^approach has beenr to focus^ on dbhe rprotein. 
There are some ^available data ; suggesting that ^the ^protein 
and the' carbohydrate parts xDf -the conjugater-vaccines :^act; as 
independent immunogens.^ Therefore/ the choiGer;of the 
protein component becomes ^important ^in seeking to ^enhance 
immunogenicity.^ It would ibe more desiraible to have an }.r--. 
immunogenic protein -or polypeptide derived >^rom H, 
influenzae as the protein component rather than a 
"nonsense" protein* ' . . . ; 

• ' - At least- one group vha^ conjugarted an -liib pouter 
membrane' proteinritO'T PRP fragments. See £uropeanL.:Patent<H:> 
Off ice. Publication No. 0 338 265, dated October 25, 19aft, 
incorporated herein by reference. This application 
discloses 38 and 40 KD outer membrane; proteins of Hib jand- 
their isolation and ;pur if icat ion. ^-^^ proteins; are,.- _ 
quite similar^c- They are known as protein .2 .(P2) or protein 
b/c because they occur«as a: doublet. rTheviftolecular/w ight 
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adhesin protein vpuld prevent adherence of the bacteria to 
the tissue of the host animal • Adherence is ^he initial* 
step in Hi infection. Stopping the infection at this point 
would be the best approach possible. 

The novel PRP of the invention also has advantages 
over the existing technology. It is better defined and 
characterized, and it is of superior quality when compared 
to PRP obtained froitf natural sources'. Also, it has been 
more efficiently produced than the synthetic ' PRP described 
above. - * . ' . ' 



It is an object of the invention. to provide an im- 
munogenic ol iaosacchar ide- H , influenzae adhesin protein 
conjugate and a method for making it. 

Another object of the invention is to provide a 
vacciTie for protecting a mammal against H/ influenzae > 

Yet another object of the invention is to provide a 
method of inducing an immtine response to H. influenzae in a 
mammal • ' * ' 



A further object of the invention to provide 
purified H. influenzae adhesin proteins. 
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itnmunogens in vacdlnes*- 'Such vaccines -^will alrSOr have -the 
drat^backs m&iitlcmsdEi^ m^; ber.nTro.r 

Clearly, *there is a pressing need for a safe vac- 
cine that is effective againsib J>0lbh7-invasive..aBd-.non- 
invasive : H:. influenzae ^ ^^iparticularlvr in infants 2^§j months 
old. This ideal vaccine would also be effective against a 
wide variety of strains within each of the two categories 
by eliciting antibodies against a determinant found -on the 
surface of most or*. ail strains of H. influenzae , _ 

The present>^;invention overcomes the lijoiitations of 
the existing -technology and meets: that .^J^ provides i 

novel synthetic PRP conjugated to newly isolated and 
purified H, influenzae adhesin proteins. 

The ability to use an adhesin protein in a vaccine 
against H. influenzae is-extrea»ely desirable. Because of^ 
the way they function, adhesin proteinsirarerbelieveid to be 
highly conserved among strains of a particular type of 
bacteria . This is -because~rfcheyi-ar7e the- profeei© mjC^ecules > - 
that mediate attaclunent by, bonding bacteria tO:Jhost pei;is^. 
the initial step in the- .infection processp^Vi .Thus^. th^, . ..r 
adhesins would be expected to be present in all strains 
(both encapsulated^ and unencapsulated) of Haemophilus* . 
Therefore, the present vaccine would be effective against, 
broad array of types and strains of Hi. In addition, 
vaccines based upon adhesin proteins should be more ef- 
fective than those based upon other outer membrane . 
proteins, even for those bacterial strains from which the 
outer membrane proteins are derived. Antibodies to the 
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To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly described 
herein, the present invention provides an immunogenic 
oligosaccharide^protein-'con jugate useful in a vaccine for 
protecting a mammal against H, influenzae . The conjugate 
is made up of a PRP fragment /'preferably a* synthetic 
oligosaccharide, coupled to an influenzae adhesin 
protein. Preferably, the oligosaccharides contain from 2- 
30 ribosylribitol phosphate monomers, and from l-*30 of such 
oligosaccharides are attached to the protein. In an 
alternative embodiment /^^the oligosaechmride ote bound to a 
polypeptide tliat:* i& an -active -site: of ^'^the.r^^ protein; 

Preferably^ the dTOnjugate:^i8 represend^ed^by the 
following, formulgtijr v.- ^..^t^n.^; o t ^-v.^.r c^.jo -.-o:;. -r^o 

. '.'\''r. r^Ci : M"-- :'i ' * 1 > i: ^- . :C-\- ' VT" i . 




where m ds l-30, . tn: i93 2--30,- R -is CGH2)pCtt2NHi£Dr 
(CH2CH20)pC%CH2JWCSNH where, p is an integer from 1-3, and 
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A Still further object of the invention is to 
provide a purified polypeptide capable of -eliciting an 
antigenic response to H , influenzae in an animal host. 

Yet another object of the invention is to provide 
methods for producing purified H> influenzae adhesin 
proteins. * - 

A furthisr object of the invention is to provide DNA 
coding for the adhesin proteins ^nd derived polypeptides., 
vectors containing the ONA, microorganisms transformed by 
such DNA and vectors, and methods for preparing such 
materials. * 

A still further object of the invention is to 
provide a composition of matter consisting essentially of 
synthetic PRP oligosaccharides having the same number of 
monomeric units and a method of preparing the synthetic 
PRP. 

Another object of the invention is to provide 
compounds useful as intermediates in tiie preparation of 
synthetic PRP and methods of preparing such compounds . ^ ^ ^ 

Additional objects and advantages of the invention 
will be set forth in part in the description that follows, 
and in part will be obvious from the description, or may be 
learned by the practice of the invention. The objects and 
advantages of the invention will be attained by means of 
the instrximentalities and combinations particularly pointed 
put in the appended claims. 
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contacted with receptors for the adhesin protein for period 
of time sufficient: *or^ thfe-prtotea^ «fcl«ettl*Sfit6ybintf H£6^^-t^ 
receptors . " The^ ^Isc^tolc's-^are- 6«ti^hea^^ tb - hH^ ^±t\s61v&i e'^ - ^' 
solid suppDrt4ne^^sn;aurefeul%'p^*%=^p^ 
the solubilazed aiatferlai'i ' " -Th^ protfeili-fibleeuIei*"& 
removedt:^froin^thfe ir^ceptors^thet-eby bfelh^vftrifcot^fered in- 
purif ied= ^foriff^^-'^-'-^^"^^ ^--^'j'^^--^'^^' "^'^ ■::ni>. ii!.. : I'lw-.'. 

In another eabodlment 7- the adheisih '-^li'dteihis - and ' 
related polypei^ldes^'bf the >inventibn''are pirefgi'ably 
recombinant proteins and polypeptldes^tHat hfive been 
produced throuigh^^e^fletid' engitteering^t^ -Tfiey are 

produced by ah appropifiat^ ' hoiit cell-^that *ha^ -beeh * ' 
transforxaed by* DNA^ that codes' fdt-s^^ -v -i 

polypeptideiSV^^ -i**^^ -^-^^^^'^^^ . , aw.j; - voiv^^- .^Mx^.i^ras ^;es«:.ea 

An isolated ' or substantially ' plire- SNA ^e^erice 'that 
codes for the adhesin proteins of the invention is obtained 
as follows. Adhesin protein receptors or antibodies to the 
adhesin, preferably- -inohodlbnal-antibb Hfe used to 

screen a genomia - librazTS^ containiha: -H^^^ inf-l^ueriza^^^ ^ - PWA « ^ ^he 
library is nade-^f^ clones which cbntaiiS dif dfereiyt' s^ 
of the DNA which haVe b^en operably 'irtd recover Sbiy - * ^ ' 
inserted - into j a vector , ' with each^ «f the '^^fetWaf ' ttiontaihihg 
only one sequence ' of < the DNAr The-^TnbnckSlblhar'to 
receptors identify ^lie ^clones ^ thait produce the adheStn P*-' - ' - ^ 
The clone is then ist^Iatedr Preferably / trhe exogehoiis ^tiitft^' 
sequences are' recovered from the clone - ' ^ \u<uvl x : rux^ 

The invention futther cdiiqpi^ise^ isolated ot'' ' " * *' * 
substantially purified 'DNA derived frbia thij^ DNA^^'rCbr ' ^ 
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X is an^' H> Influenzae adhesin protein or a fragment thereof 
containing an active sitoe of the praftein* .-r . 

The vacciiie; COTpris«s immunologically effective 
amount of the . conjugates dnv a pharmacfiuticalijr-acceptablfi 
carrier." ^Preferably, the vaccine also contains an 
adjuvant. The administration of the vaccine or conjugate 
to a human or other msunmal induces a T-cell dependent 
protective immune.. reeponsBuij. 0:^- 0.2. iiiir. 

The invention further jcosprises^^an dsolatedvand a 
purified Hi ?nf^"**r^'*** adhesin protein and ^modif ied £ 
proteins and polypeptides derived^.f rom ±be adhesin protein, 
provided such> derived protedLns and ipolypeptides^ are -i.^vft., 
immunblogicaHy-,crbss**reactive with the adhesin protein — • 
Preferably, such"" derivatives^ are onevor more epitopes of 
the adhesin- protein . - In a^ pEurt icularly ^preferred - . : . . . \. 
embodiment^ thee^pitope os arlso^ a receptori^bdnding site. 
The proteins and polypeptides may alsa^he used in vaccines 
without being conjugatedt.;ito::i:hei^synth€tic ;PRP. ... - ; -^ vMtr- 

In one embodiment, the adhesin protein is a minor 
H. influenzae outer membrane protein -with, a^aleculac.^a:; 
weight of about 41,000 daltons^ : Tn another -preferred 
embodiment^ the' adhesin protein -is an^ H . i . inf iuenz ae outer 
membrane protein with a molecular weight of about 47 >t00.0r 
daltons. • • •. • - ■ - 

In one embodiment/ the adhesin protein is purified 
from H . inf luen^ae : bacteria. ^ Hi membranes are: sol u b i lized. 
The solubilizedi^material contains the adhesin protein. : ' 
This material is separated f rear- the 'insoluble material and 
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jr^^^i:^:^ secji.:-. '^ec' .Tiij.i.vic 




O ODn 



o 




O— 



O 08, 



n . 



where n is an integer ^roin 2 to 30,. ^Bn ii^.lDenzyl, and is 
(CH2)pCH(OR3)2 or '(CH2CH2b)pCH2'CH2R^ where'l?"'is an integer 
from 1 to 3, r3 is an alkyl group 1-4 carbons in length, 
and R^ is a group that can be converted into an amino 
group. 

This compound is prepared using a sol^id phase 
synthesis. The monomer for chain initiation is a compound 
represented by the following formula: 



HO OBn 



-OQn 
.OBn 
•ODn - 
-OMMTr 
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example/ by single^ or niiiilt'iple^'mfi€atabnsi^^"'^l»re 
DNA hybridizes VitaV -tB 

• The invention fiarthef"eoifiprigii Si^§yhtfietic'^PRlE»- ^ ' 
oligosacch'arlde"^ f epreseh€ed%^^tTie'^^ : 





HO-1 














1 













OH h 
-OH ? 



O OH 



where n is an integer frcDin 2 ta 30 and^Rl''- is'^(CH2 V 
(CH2CH20)pCH2CH2NH2 vhere p xs 'SSn iiiteger f ro£ 1 to' 3 . 

In still 'aribther embbdiift^ht:, the'invett^ 
a compound usefuf ais ait i'nterinediate in the'^prepafatib^^ of 
synthetic PRP of tHe ^invention. i;t i^ repr^s^ntfiS ■by''^the^' 
fonnula: • '..i.--. 
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where Bn is benzyl and r2 is (CH2)pCH(OR3) 2 or 
(CH2CH20)pCH2CH2R* Where p is an integer . from 1 to 2,. R^ is 
an alkyl group 1-4 carbons in; ^eng^^^^^.^^^ 

that can be converted into an^ amino ^rou^._ The phosphpnate 
groups of the support-bound oligomer^ are th^n oxidized to 
form phosphate groups. The resulting compound is then 
removed from the solid support and recovered. 

The protective groups on this, intermediate are then 
removed by hydrogenation. Where r2 is (CH2CH20)pCH2CH2R^, 
this results in the synthetic PRP of the- invention* In the 
case where r2 is (CH2) pCH(0R3) 2 , the hydrogenated compound 
is further subjected to . selective .acid^hydrolysis. 

The preferred conjugate of the invention is then 
prepared by coupling the synthetic PRP with the Hi adhesin 
protein by reductive amination where R^ is ,(CH2)pCHp,..Q?:, 
where R^ is (CH2CT20)pCH2CH2NH2., by.,prf^^ -the cor- ^ 
responding isothiocynate and then qoupl ing, t)>^ . . ^ . . 
isothiocynate with the protein. 
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monomer is coupUd « a ; said 



o- _ . 



„.ere Bn' is beh.yi>nd «HTr is.Bcn^^^^^^^^ 
resultin, coi-poihails th;n^d.trity^^ The =ha.n 

elongation iWi diatjiation- steps are repeated - 
sufficient nu^r Of tiBes^untU an =lx,o^er 
length is Obtained. . The Chain' ten.!^^ 

addS-.' ii. 'chiin terminatin,;Bon^er^.s r.pr«.nted by the 



formula: 
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Figure 3 stiows inliilbit'idW ot 
binding to asialb-GMi' witii' i^^iecifek ^ioto kxftlbodies . 

t •^^S]methionine-labeied Ineinlnranes f t*6it£^ %aepfeptfl^ Were ' 
incubated with ' superriataht^ tff hybridoma cultures- m then 
allowed to bind "Sfco feceptoiT 'Y^.'S''^ m 

negative receptor control dt l^^ indicates thts^-spedif icity 
of the receptor-JLigand interaction. Mouse sera (M-2) 
(1:500 dilution) used in Figure 2 shows strong, positive 
inhibition. Media shows no ^inhibition of binding by 
membranes to a^ialq^^GMi. Two classes, of positively - 
inhibiting hybridomas were foiindv ' Hib 10 shows total 
inhibition of binding. Hib 30 and Hib 43 show partial . 
(about 35%) inhibition. Most hybridoma cultures, such as 
Hib 2, showed no inhibition. All hybridoma cultures tested 
for binding reacted positively with membranes in an ELISA. 
Error bars are included to demonstrate the variability 
between duplicate wells. 

Figure 4 shows the identification and 
characterization of the 47 kDa Haemophilus adhesdn. The - 
moncldnal antibody, which pairt idll^' ' inhibited ' 1nembrari6 - ' 
binding, Hib 43,' was reacted' on Wfesterh'blot to ideritify 
the molecular weight of the protein it recognizes. Whole 
cells were run after no proteinase K treatment or either 
treatment with proteinase K prior to lysis in sample buffer 
or treatment with proteinase K after lysis in sample buffer 
(reading from left to right) . Non-treatment identifies the 
47 kDa protein; treatment of whole cells by proteinase K 
prior to lysis indicates the sensitivity of the protein to 
this protease in its native location; and treatment after 



wo 94/00149 



PGr/US93/0«»16 



- 19 - 

The'adeiD^pa^ are incorporated 

into and constitute a part of this specification, 
illustrate one ekibodiiaent -b^^^^^^' iJi^fentioh and, together 
vith th^^ de^HiJtlortv feeifve to explain the principles of 
the invention. 

. BfelEF DESCRIPTION OF THE DRAWINGS 

Figure'^^i sihows an analysis -of outer membrane 
preparations by SDS-polyacryla^ide gel - alectrophoresis. 
Samples included the following -fianestt 1 , r total outer 
membrane protein preparation from Haemophirlus influenzae 
type b stained with Coomassie blue; 2, autoradiography of 
^^S-labeled total outer membrane proteins? 3, 
autoradiography of ^^g^iabeled adhesin protein eluted from 
immobilized receptor ai^iSlo^GMx?' '4, ^autoradiography -of 
material elxited 'from immobilized gidbdside^/^^^^i^^^ nonsense 
glycolipid . *rf b^ indicates the adhesi'h ' migrating' between 
PI and P2 with^ a' molecular wfeightf -^ 41 kD.- 

Figure 2 shows the neutralization of Haemophilus 
adhesin to the''grycolip±*'receptdr 'aslalo^BM^;; -^i ' ^ . r. . 
[ 2 Ss]methioniTie-labeled membranes from Haemophilus^ 
influenza type b were incubated with serial dilutions' of . 
mouse sera and then allowed to bind to receptor (0.5 
microgram/weil) The mousis sera used wafs obtained from 5 
mice, desiginated M-O through M5; vhich had been immunized 
with Haemophilus membranes. The sera from an unchallenged 
mouse (NHS) was used as a negative control. 
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sequence is shown. below thje linev The .open reading frame 
for the Jiinllcig^ne is bejbween nucleotide ^^15. and .150.3 The 
end '^of;^ the.. putative deader: c8eguenc.e:rand be9aRnin9:.>of rthe<. 
putative mature :p6ls3>ept.i4e ciS: ii)i.dii?atedi:^.%^T:nucleptide base 
189, The^predi-cted-moleculi^r vjftight.jtq^f th^, mature:; ^; :cr. 
polypeptide is AfiJB9 and.it has a. pi ^PfiiSw^e * >. . 

Figure .4 shows the Haemophilus influenza type B, 
•strain 9795 : Hin4i7 amino .acid, .sequence, rcjompared -with the 
sequences of 5 non-typable strains as designated. 
Identical amino .a^pidss «3re indicated by ^• Amino acid/ 
differences that -are conservative .withi respects. to :charga<=; 
are noted by lower case letters, Amino . acids, that differ 
with respect to^i charge are noted in -upper oase letters « 

DETAILED DESCRIPTION OF THE INVENTION .c- 

Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention, which, 
together with. the following exampies^ jserve^to .explain the 
principles of . the invention ^ - s- 

The invention : coaqprises . an immunogenic ! ^. . 
oliqosaccharide- H . influenzae , adfaesin rproteia conjugate 
useful as a vaccine against H, influenzae . : purified 
influenzae adhesin proteins and related rproteins rand . 
polypeptides, DNA coding for the proteins and polypeptides, 
host cells containing the DNA and producing the proteins;.. : 
and polypeptides, synthetic PRP oligosaccharides and 
intermediates .useful for their synthesis^ ^and . methods of 
making and using these materials. 
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lysis by proteinase -K demonstrates the general sensitivity - 
to this protease after disruption from that native 
location. The Escherichia coli XL-1, transformed with 
pMClOl, expresses the .47.kDa Haemophilus protein, which 
reacts with Hib 43. The 47 kDa protein was s:also sensitive 
to proteinase K treatment of XIj-l/pMC10i^Art>ble cells. 
These data suggest a surf ace. loQation^fpr this protein in 
both hosts. 

Figure 5 shows a restriction map of -the* region in ' 
Hae^ophi^up iq^Xueng^ type b that encodes the 47 kDa 
adhesin. A 10.5 kbp Eco Rl fragment that produces the 47 
kDa protein which * reacts with Hib * 43 monclonal^. antibody was 
cloned f rom i an H&femepfailus^ laabaa ZAPIieqenebatik.^^ The ^: 
helper phages R408c. was used • tor induce Ja plasmi:d xaDntaining 
this insert in the vector pSKt*^) . "''^ --^^ - m v n 

Figure.; shows the. glycol ipid binding phenotype:^of 
Escherichia ^ coii^ thati express the Hibr 4? ^3: kDa ^protein J > i^The 
ability of membranes from , the £ w col i , jot from XL-*1 

transformed with pNC101>. designated 3, were compared using 
the standard binding assay. Serial dilutions were made of 
glycolipids.with receptor activity: asialo-GMi, asialo-GM2r 
sulfatide, or the negative control, Gb4. XL-l/pMClOl binds 
with high affinity to these .receptorsf^ similar ^to r. . 
Baemqptiilus. - ; .^x:. i?: 

Figures 7A and^7B' show . thei^nucleotide sequence of 
hinlZ (SEQ ID NOrl) .and the deduced Hin47.amino acidi-'* 
sequence (SEQ ID Nb^2) . The-nucieotide '-sequence i's- 
numbered above each = line- andr the '^.deduced .iKin4^7 amino aciLd. 
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used herein, the term "r'edfe]^tbr**-'is^S^'fc^ iih'at 
binds'' to aA Hi adK4^in prbtfe'Ht ^ The^ iiCftOTbleBaie is 
preferably a giyco^phingofipi&r'' witlfefit^if&^ridin^^ 
the"^ scope 6f thP-*liiv^ntlonrH€'' is belieVe^ that t±re--tiinding 



site is ah' epitope; 



' Wheh' the ^PRP' fragment' is ""febWaiire 
sources , it is of varying lengths r faxft^ pre*elfabii^ about 8 
to 120 inbnomers in' length. ^ " Such tiragiaehts are^ obtained by 
known techniques;, such as tHbse dfesbribed in the above- 
referenced European' Patent ^Office PiibTibatioH^^Wb. 



0 338 265. 



Synthetic PRP is a linear homopolyner of 
alternating molecules of ribose and ribitol joined by a 
phosphodiester 1 inkag^ ' and""' represented ' ty' the f^brinulaV ^ 




"1^ ■ :.. 



et'icf ■ 



where n is 2 to 30 and preferably 5-20. Such sj 
PRP ' s inciudlfe tiiose"^ knbwn Ih tlie art as ' well' as" ^fibvel 
ones of the ihvdhtion. pbr eic^fiiplife, the' prevfdusly ' 
mentioned European Patent office j^'licatfons/O 320 ^942 ^and 
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c ^ : : : The con j lagate i comprises rA cpolyr itepay ir>ib itpl -zr.. r 
phosphate, fragment t^eiiricaily.::coupled to ArpiirifiedviL. 
influenzae *adfaes±n^^rot^inri -J>ref erably r.rth^ J»RP -fragment 
is av^synthBtac oligosaccharides-? .Eromal^to^ -about .30. ^.a^ . 
preferably from about a5 i to.: 2Q;.of the inatur^idfragmentJi i::0^ 
synthetic oligosaccharides care j attached; to: the .protein .^^^c. 

The fragm&ts' are attached; tor the protein , by known 
techniques : f or jcovaiently - attaching J polysaccbaaci^ to 
proteins or polypeptides^ : applied to >iihe"t 
contained hereimv^ c^Thec preferred techniques here are;: r 
reductive amination^ror^ isothiocyauate coupling. , .u-^v 

. Any-.< adhesin proteinnmay ^be used> , . In one j ^c 
embodiment/ the ^p^lrifiedTadhesinHprotein^iis a minor Hi 
outer membrane protein with a molecular weight of about 
41,000 daltons, distinct, from El^.orc Pavsc . i;v 

In anottier preferred T.embodimentr. the^purified s 
adhesin protein as -aniHiiiOuter membrane ^proteioowith as 
molecular weight of v.about 47,000 idaltpfis,- distinct^ from PI- 

Alternatively^ the- protein^ may : be replaced byja 
polypeptide that ^is an active site of the adhesin protein. 
As used herein, the term "active site" means an epitope 
(antigenic determinant) or an p. influenzae rec ptorr-ui 
binding site, which:: may or^ may; n t also:;b anuepitope. As 



wo 94/00149 



PCr/US93/06W6 



- 26 - 



known in the art as well as the novel spacers of the inven 



txon. Known spacers include those disclosed in the preyi- 
med European Patent Office Publications 
id 0 27'6 516 as well as those disclosed^ in U.S. 



ously n^n^rdned 
0 320 942"'sn( 

Patent 4,830,852 issued May 16, 1989 to Marbura, et al., 
the latter of wliich is incorporated herein by reference. 
Preferably, the chemical spacer is a moiety re^rese^ by 
the formula: 



'-n . ^ V 



where R is (CH2)pCil2NH or (CH2CH20)pCH2CH2NHCSNH and ]p ia, 
an integer from l-i,^ preferably !• 



In the most preferred embodiment of the invention,, 
the conjugate is represented by the following formula:.,^ 
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0 276 516 disclose synthetic. PRPis. that CQuld b^e used in 
the co^^jugat^ of the^ inye^itipn^^^ -r .-r^. , -..-y, 

Pref er^^Jjly^ the j?yn isj a compound ^ 

representf4 J^3(^^tbe formula:^. ,^ ^rr-.e^r. ir j.^ '.ri-^-rrzr-^ - 




,0 OM I— 




1 



-i: 



where n is an , integer ^rom ^2, to 30, -and r} is .(CH2)pCH0 or . 
(CH2CH20)pCH2CH2NH2 where, p is an integer from 1 to 3. 
Preferably n is 5-20 and ;E«i3^ 1. v.The synthetic PRP will, be 
associated with^a counter^ion, ^ Preferably^ the ion is 
sodiim (Na***) • - r . 

The synthetic ,pl igosacchar idles ^ psual Xyr^ contain a, ; 
chemical spacer, or, linker, by which,, they fr^rf; a t;tached to ;t.he 
protein • Such , a spacer .^ay be , any ^ chemical.: 1 inkage that^. 
serves to connect . the PRP .and the. protein , and that has ■_■ 
limited or . nq adverse effect to the animal host when .the 
con j ugate is , administered . _l^uch spacers may include .those 
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terms means that the^^toteiti is at l^ast ^5% pure- by^ - 

weight, preferabXy'^at l^ast 9«* ?>mre *y weight, and most 

preferably at least 99% pure by weight. The protein binds 

to a receptor selected from the group consisting of 

f ucosylasiald-GltL ; ' a&iaio-GMl r ahd asialo-GM2^>- all^ ttf which- 

contain the" strii<2tAire - 

4 ) galactose (beta T:-4'ygli2.cose- (b^ta ~l-l><:er amide abbreviated 

GalNAc(betal^4)Gal(betal-4rGlc(betal^l)Cer. The protein 

also binds to andtRSr'-iredeptorj' phosphatidylethanolamine. 

In -one eiibodiment/ the protein is a minor outer 
membrane protein with a molecular weight >of about 41 KD as 
determined by SDS^-PAGEi«^^ -It is distinguishable from the-- 
various ma j or outer membrane proteins that have been - 
identified for Hi. In particular) the protein- appears ^as a 
fainter band between the bands oh a polyacrylamide gel for 
the outer membrane proteins known as PI and V2 . See Figure 

This purified Hi adhesin protein Is prepared 
preferably from nattiral sources as follows. Tii bacterial 
membranes are obtained by standard techniques ^nd- 
solxibilized, using a solubilizing compound, such ^s a 
detergent; Preferably, the ^ membranes are mixed with the • 
detergent, and the mixture is ^sonicated. The most : ^-^r 
preferred soltibilizing agent is a solution containing about 
1.0% to about 1.5% and preferably about 1.3% octyl- 
glucopyranoside; The adhesin protein is d^i the 'solubilized 
material. The remaining insoluble material frpm^the- 
membrane is separated, preferably^ by centrifuging. 
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where m is 1-30^ ^ ;^^^^ :u:v::^::n 
(CT2CH2O) pCH2CH2NHCSl«. where p .and X 

is an H, influenzae a^esiarproteinr^r. et:d!racnacienft thereof 
contaiTiing an active^ site t>f tfta^protednv: / c^>refi6ferably, m is 
5-20, n is 5*20, and ip is 1. - The syitibQl .X in:: the above- 
referenced fozmxila may: a:isoL represent; cfirS:ain./Tderived 'jor 
modified proteins: or polypeptides discussed: ^bielow*. The 
conjugate will be associatedaiwitb. a^. 'counter. !i.t>n.i ^. .-yaG ino 
Preferably, the ion is- Na^.^ov; j.-. : /.'o^.^ o?':.:^- ^ncciiju^u: r.^c 

Adhesin Proteins ... c -c.-:;- r^- 

The slnvention .further. :cQmprisfis. an.iis©lated -JL.:;.. 
influenzae adhesin: protein^i As ittsed hereia, lin this^:;,-:: . ; 
context, the term "isolated" means that the p^ot^in is 
significantly -free of other proteins.. That,!is.,,ra ' r ^r? 
composition: ^comprising the isalated protein «r-is.^ between 70% 
and 94%. pure by weight. Preferably y th jarotei'n . isb: 
purified. As used herein,, the term r" purified H -and/. related 
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ixBmobilized onto a hydrophobdc gel<.v6uppozrk, such, as octyL- 
agarose.. This, matrix is .prepared, by^ ladsorladiigj tJteL 
receptors itQ: the ^xydrophobic ;ger: d^: the pxesei^ ^ 
described rHirabayashiv^ et ral •cfdoar. othex^igLy^ooMipidB-'wu xo 
Hirabayashir-^et ial^:y. Jv B iochexr:,r ^i9)42; 327 -3 3 0 (1983) , 
incorporated herein by reference. Photoactivatable 
heterobifunctional . crossLLinlcing jagents xhaye also been used . 
to prepare glycolipid -affinity »atrioes>j.T,:Li^ rCLor^ Ja.^- 

Lipid Res. , .25 MA1Q^^12 { 1984 ) / .incorporated. hereinoty s. rso 
reference • - In . this rcase> the^ .receptorrinactiye Xi^pid is: 
covalently ^crosslinked^vtou thewgaiL c^upport. The column is 
then preferably washed extensively with an appropriate 
buffer solution f such as .TH3*buf£^ei^, sal inef^>^ rone 
protein is •eluteA,.e>' - -.y^x.j^ .^^ • wi.:;... ..>ic>o o\ 

A more pref erned method Jls. ctOi purify the - adhesin by 
affinity chromatography using an ;anti-acaiesdn anonodonal or 
polyclonal antibody prepared, by jstandard > techniques . in^ 
this case the « antibodies are rcovalently, lin)ced to -agarose 
gels activated vhy .cyanogen. Jsromide or succinamide esters.'? 
(Af f i-Gel , BioRad Inc. ) . or by other anethods,. known by those 
skilled in the art.. The sonic rBXtract. 'is.:l£>aded: on.-the top 
of the gel as described above., . t^-.i-ir-: i:..^ 

In another preferred embodiment, the adhesin 
proteins comprise an H. influenzae outer membrane protein . 
with a molecular weight : of ^bout 47,>0O0 ^daltons^c Fdguresi* 
7A and 7B show the cprotein amino: acidf se^qu^^aoe as well as 
the designated nucleotide sequence, eof the ;Open. reading 
frame (ORF) encoding a 49kDa protein.c The 49kDa protein 
comprises 463 amino:. acids (amino acids .1-^463 dn figure 7A 
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- *Thft ©upferiia that 

bind the protein and are attached to an insoluble solid 
support or matrix, such as a microtiter well or a gel, for 
a period of tlii«r and under" conditit)nsi^stif*lJci«itr for tho ^ 
proteiit to bind, to the-Treceptors7f^ th^B^s^piA:ating"^^he^-^ 
protein fron^ thH^ other ©at erialtie trfe«rrpre*eri*eff receptiD^rs 
for the adhesin proteinparfe fucosylaislalo-GMir; asialo-GMl, 
asialo*K;M2 V aiTd-i^ ^Hhese ^receptors 

can 'be? prepared^ tn:^ acccnrdanee' with-'thet plr^>eed\nres^^ dxscl'osed 
in Krivan, etMaa^-^ Proe:: Natl/'A cad^.f-^ 
(1988)ir^ incorporate herein rteynr«ferenceE^;^ '^h©^^ 
preferred -xeceptori--iasialo-GMl, is also commercially 
available. All of these receptors, except 
phosphatidylethandwaine'i'O contain^ t«fe carbohydrate^^ seqtliEiii^e 
GalNAc (betaiv-A^j^Gal (betai^4f Gle; whic*ff aGocfirdringly^ - mary? 
also be used -as a receptor for the piairlfloation *of ^he* ^^^-J^ 
adhesin prctfrin • ^his sequeiroeo can tje-pr^pa'Tfed fusing 
standard ^^carbohydrate synthesis techniques * 

The ^dheslTi protein' ife then^ ea^ted^^u^ 
appropriate agenti^^ •Rilfic aay be Tte^ r«:epttxr:-^iti--som 
SDS elution buf f ery or a' chaotropicr agfentv>«\ich as XSCN, ' - 
NaCl, or quanidine hydrochloride;*^ -The^^l^te^^^^ is 
then tested against- the receptor^ to^<sonf^lTm -tl»t the- 
protein ^does bdnd'^o dt.- The^purdty of thei i«olat«a 
protein ds analysed by -SOS-PAGE. ^ Preferably > it wiiarqoe :i 
about 99% pure after affinity purification Wit« tite most 
preferred'^-receptorv-- ' = • ' ^ ^:^-Kia -v;c. i>y r^i^ . jtiK.- 

For purifitsatdonr of larger am^itfttff 
protein, chroma tography- is* pre€erred; * -Th6-'receptio^^^^ is^ . a 
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Preferably , the Tioriioni&'i detergent solution *-ls% removed^- from 
the supexTiatant-t^iforeithe supernatant is subjected: to the 
affinity • chromatography; JSuch removal.* ±s preferably- i 
accomplished by diaiyzingothe-supernatanty to produce- a 
dialysate that i«^ substa«tiaiiyofree of the detergent.^'. 

The m^noca<malf antibodies can be prepared by ^ 
standards-technique©^, >^^ivtBn ^thec;teaching6 contained- herein . 
Such techniques ^rer dieclosed^^x f oyj example i.cdn^u4s . Patent 
No. 4/271,3;:45^^1^sued June^-lyi 4981 to Wands et al. and U.S. 
Patent No. 4,196^265, issued April 1, 1980 to Koprowski et 
al., both of ^i-ch aire herein i by refereneei' . Briefly^ ^ndce 
• are immunized vith Hi^ membranes; < • Hybridomas-^ are ' prepared 
by fusing *spl«en ceils from thev>mice with lAyelomaf^ceaisur-orr 
The fusion products^ are screened fior^ithose producing^a 
antibodies that bind tov the- Hi membranes^: Th^ positive 
clones are then- screened : to: ident if yathose whose binding 
with the Hi membranes is inhibited by an Hi adhesin 
receptor. The positive. hybridomas clones arei-isoiatedvoand 
the monoclonal antibodies are recovered frbm- those i clones. 



Alternatively , the o\rter -membrane^ proteins could be 
separated on a gel v The 47/ JcDa band- could^ be cut out and 
injected into thte mice* . The hybridomas could be prepared- 
and screened asvtiescribedr above. ,.^r - .t.-u^. 

DNA 

The adhesin proteinsj of « the invention arec i.i rcM. .icc 
preferably produced' through, genetic ngineering techniques. 
In this case> they.' are produc d> by an appropriate- host cell 
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and 7B) , includes - a^^ putative signal sequence -of' ^ ~ ' 
approximately 275 kDa and 25 amino acids, ^ thereby ^resultiing 
in a mature -protein of aj^roximately^ 47<:i}cDai:and -438 -^aaino 
acids ^amino. acids- 26- through >463v>on -'Figur© VA and , 
herein designated Hin47w - This -protein; lE".distinguishable 
from the known Hi proteiim^^Pl*P6 .onstherbasis ro^^ 
weight and the fact that, tiiose^proteins -are . integral : 
membrane ^ proteins v awhile* 'this: protein -is .an- outer m embr ane 
V protein* - ^Hiis^:-^^^^ binds toithe. previous mentioned 

retceptors as well' as to suifatddey- <S03"^alffctose(beta 1- 
l^ceramide) awS it. is soluble:; in 1% Sarkosyl (N-^ - 
lauroylsarcosine^w -.v-- - -Vac: . \.:r,;: . ^\. rn 

This protein is preferably prepared in purified 
form as follows. «i membranes are extracted with '^a. 
solution that removes membranec associatedi"prx>t^ins , which 
produces an extract containing tiiec^adhes in -protein along 
with other membrane:- associated proteins v^- Praferably^i this 
solution is a nonionic detergent, such as sSarkosylt or r 
octylglucopyranoside ; Thfe^ insoluble material as r separated 
from the extract, preferably by. centrifugation\ This-c.: 
produces a supernatant' that contains^ the :adhesin protein. 
The supernatant is then brought into contact with a - : -i--- 
monoclonal antibody which recognizes the adhesin protein. 
The antibody is bound to an insoluble solid support. The 
contact is for a period of time and under ^ standard .reactton 
conditions sufficient for the adhesin protein to bind to 
the monoclonal- antibody Preferablyv^ ther^solid -support cis 
a laaterial used in a cdiromatographicv coiumnc The adhesin > 
protein is then removed trcm the antibody , thereby 
permitting the recovery of protein in purified form. 
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preferably no-more, than I about 0.2% by^weight of _ other DNA 
and RNA.in^^any csample that contains the DNA of i the^ 
invention. 

Preferably; the DKAciseobtained by- us'ing.^ either the 
realtors or monoclonal c^antibodies to v. then adhesdns to • - - . 
screen an appropriate genomic library- that- contains ..H;;. 
influenzae DNA^ : ^ucfa a library comprisesucolonies of - a- 
single type , of imicroorganism^ugenerally^ bacteriaplike 
coli K12 (XL-1) into' vhidhtpieces of the- foreign* DNA^have 
been inserted, generally by^being- incorporated into a - 
plasmid, cosmid>sdr phage vector ccompatible vlth the^^ - ^ ^'^^ 
microorganism^ : specif icallyv 'thet'library compx^ises 

clones of vectors. into which : different' sequences of the DNA 
have been oper ably .and recover ably inserted, each' of the- 
vectors containing onlyi .one: sequence of the CNA.. .The 
vectors may be plasmids , ^ cosmids, phagemids , orj phage 
genomes. If I necessary because of the type of library being 
used, segments of DNA will have been inserted into the 
vectors in a manner that they uwill be expressed under 
appropriate conditions (i.e. , in proper orientation and 
correct reading frame and with appropriate expression ' : 
sequences , including an RNA. polymerase: binding sequence and 
a ribosomal blnding^sequence.): -The microorganisms will be 
ones that do ^ot express the adhesin protein, such as E. 
coli HBIOI. 

Clones from the library are brought into contact 
with the receptors or antibodies to identify those clones 
that bind.- The clones are isolated.and the : exogenous DNA 
sequence is recovered from one of th clones. rThe-sequence 
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that has been -tra©ajf6rmed Jjy J}NA - that >«odes ^ f . 
proteins . Pref erabLjt^ . tbe?liost iceLl is ^ ebacterixair, ^aiui?:- 
most pref erably. .thB bacterium is -colx ;i fi ^subtil i s . :. or 
Salmonella . rvi.ccrriaxxvexy . ^x;c 'a^zvj. :v."^ 

The vDNA of^^*he ?iiiv€xrtionjis an ^^isolated >or^ 
substantially purified • SSh Jtsecpaence (^i ; e ^/ ; a . . .10 
polydeoxyxibonucleotide joolecni^ encodizig a protein or 
polypeptide that binds to the previously mentioned 
receptors . Preferably:, . theixDNA: lof^ theiiinrention ^includes ^: 
an open reading frame : (OfiF.)i.fAeguenee< (amoleo^ides 115^ 
through 1503 in:;j:iQnu3res,.:7Arand.«B)'ii^ desianated* aidn47 ,"ir€> 
encoding an approximate j 4Su)cDa and r463 .lamino^vBcidi protein^T^ci 
designated Hin47v ' as.^«hown iJ.n :.7i.gi2re&^7A tand:^^^^ 
preferably^ the DNA comprises thatsparfe/Tof the ORP that 
does not code for the signeLL^rSetiuence ^(nucleotides 191 
through 1503 in Figures >7A rand B>*:r As use herein, the 
term "isolated" ^and ;^ariat ions thereof meaxxsvtixat: the DNA 
is in isolation .from DNA encoding other proteiTis orr<^: 
polypeptides normally accompanying i^the^ Hii :at3hesin -^proteins « 
Thus, the DNA of invention dndud^' J3NA; encoding the 
protein or polypeptide when that DNA has been cloned into a 
microbial vector, such as a::plasmid/ ^or intovatviralvvectox 
that may be haxdt^ored; by. la: bacteriophage ^^ provadedi that such 
clones €Lre isolatedufrom clones:^that containitUfA encoding 
other proteins or cpolypeptide8:;normally>:aocompanylng this 
one. As used herein, the^termcilsubstantially^^pure^ and 
variants thereof means, "that the is^isubstantda^^ free 
of DNA and RNA ths^ .^oes notj encode ^the proteins or 
polypeptides of the .invention.: : That is/ there will , be no 
more- than: about, 1% by weight of other. DNA. and-^OU^ and -^r.y. 
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colony i(/it:h:^'35S-ttet:hioiiirtfe ^ind t^^ t-h€{ ^ability of the 
colony tb- bind ^:b 'tfte reS^ttSr pf%^t6iisiyj-a^scribG<t* 
The DNA from sever^' 'adhWri^ing i^«lt3^^t^^ to 
identify 'Shared sequences , and these shared sequences would 
be further subcloned and characterized. 

- AlternatFlvely'; 1:he»'^*^c«^ ^^nc.ina 
nonspecif ically immobilized %6^mb qs^uitaBie^^u^port ^ such as 
silica or Sefalit^ ' resin i^^ TKie mat^i^I^^v^tild^'tben be used 
to adsorb to colonies express iteg Wtit^ adKeSifi prot^i>ff-as 
described in the prefoeding pai»grapK4r'^-« -^^^^ i--' --: 

In another alternate preferred embodiment, the gene 
for a specif ic adhesiii l^buld be IbdSIig^ &n& tdenttfied^by 
constructing ndn-adttierehe iMlti&iit;^ of a-^'speeif its -pathogen ^ 
This would be accompli shed^by dreati^^ mutanC^ tisi^g a >■ 
transposable element su6K as TnRioA ^as described ift Manoi-l ^ 
et al. , Procv^ NaUr:- Acad.^ Sci ; USA -^u8at^8^i29-Rlil3 3 /^^^ , 
incorporated herein by refererwe. ' rAlkalin^- phosphata 
positive mutants would ^Indicate^-mutatioAs^-withiTi escorted ^ 
proteins. Since the adhesi»^for eaxsh^pdthogefi -is located^ 
on the outer membrane surf ace and therefore ejcpdrted/^^Kis 
set of mutants would -Gbnt a in a^mra^ch^r^duced' subset 
mutants; T'hey Voul<i then be scnreened for* a "loss ^ in binding 
activityv'-*'- - *• '■• -JJ- -y^^-.- '^^;-.tc;i- 



It will be recognized by persons skilled in the art 
that a DNA sequence 'for an^^i adhesin protein^ ^can -be^ "^^ 
modi f ied by knd%m tedhnigues ^in - vi^ of the ^-teachings r - / 
disclosed herein;^ j For exaii^ler <ii'ffe3?eiit^6dofid can be>^:.T:or; 
siibstituted tha^ 'code for « the' sa^me aminofiaeid'>as -the 
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is preferably evaluajt:e4> tp^jdet;eriaij[i$: if:^^^Bnc(^^s .the^ 
P^o^i-Pr:. JT o'-,^ or M-orv f.u-i-dii uc aroce;.n ^..-i. 

r -^v P^^®ra)?lYiftfii$jE^^^ li^^^rary^cpapygL^es , bacteria^ 

such , as coli. inf^gted ,bVoPhaqe^ ( prsferfiblYcba^rtepiophage 
lanbda« ; r Plagu<^^^. pr gdixcedj^ t^^i ss P& ag^ i^^f ?Plt#<5L bacteria 
are-8creeneclo)|>y nonoplonalv aj>tlbi^i^ idBntliy^i^oBe^ j ^ 
plaques containing bacj:eria: :.*Jia,t ^ pr9duce,_...ther^dhesin ^ 
protein^,,. The sgrfsniBgiinyoisf s popj^^gt^ng tb/^.^plagjie? 
with the monoclonal., j^ntibodyr if^ binding has 

occurred,, using^ s^tandard ^^^cta^^KS? • -Ji??r^?®^^ly f ^ 
iinitiunoassays.,are^used.,. ... : ^ucx. 

In this, preferred ein^odixaent, .^JJhe^^^ 
are then isolat!e4^by: .purityiJ>g;jJ^^ ppsitive .plaques and 
inducing plasmid^ formation in the bacteria in the-. puriJ^ied 
plaque with a.^elper phage according to standard 
techniques. 

: . In an alternate . pr jef erred^. enbpd^jne^i|;<^ ^ pplpnies-. 
containing DNA thal^ lencocies dn HL adh^^^in pa^ot^n could^^be.; 
detected using PYNA;. Beards., ac^o;rdiogv^:^^^ 
I CAAC, . Houston^ s 89 , - incprpp^atje^ , hereiiiv bVv . 
reference, ;rhe -.prey4.pusl descrlbied pecjip^ijrs ,w 
crosslinked to, tosylated DYIJA, pea4s;.M2S.Pfa-^Pfl ?^^?nct. b 
receptorr-containing Jbea^s .Ho.uld thef) ^^ to- adsprb.v tp^ 

colonies express ing the adhesin . prptei;a^ ^ . Cpl onies ^ not. 
expressing the adhesin would be removed by washing, and 
this process would be^^ repeated to obte an japprppriatj^-^^ 
enrichment. .,Putat^y^ adhesin expressing, ppl^^^ vould ^j-r, 
then b plat/ed.. and. confirmed, by me each 
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Patent Nos:. i-4;r440,859 issued April 3, 1984 to Rutter. et. 
al., 4,530,901 issU'ed July 23, 1985 to Weissman, -4,582,800 . 
issued April 15.,^iaa6i-touCrowl, c.4;i[i677f;a63 r±s«ied 47une^:^lL, ..-H 
1987 to MarX et at$i/.4/67.8Vi751 issued July 7, 1987 to- 
Goeddel, 4,704,362 issued November 3, 1987 to Itakura et 
al., 4,710,463 issued December 1, 1987 to Murray, 4,757,006 
issued July 12, 1988 to Toole, Jr., et al. ,* 4,766,075 
issued August 23j 1988 to Qoeddel, et al., and 4*810,648 
issued March 7, 1989 to. Stalker, all Vf whic"h.are 
incorporated herein. J}y reference. 



The DNA of the invention may be joined to a wide 
variety of other DNA sequences for introduction into an 
appropriate host cell. The companion DNA would depend upon 
the nature of the^Jiost ceil,^the maimer -of::: the rintroduefcion: 
of the DNA into the host cell ^ and iwhether episomal xij^aq^^.r 
maintenance or integration is desired^ .' Mi u. rr raj.- 

Generally , -the »DNA( is j inserted into v expression 
vector, such as a vplasmid^ ini.properoprieiatation andv- 
correct reading frame for expression^.: Lf onecessary:^ethec: 
DNA may be linked, to ::the 'appropriate .transcriptional and 
translational regulatory control nucleotide sequences 
recognized by the desired, host j nalthougfe7:3u«h contrcl«ir:are 
generally availeOsle « in the- express ion- vectoas ^ :The vector - 
is ^en introduced into the host c through standard 
techniques.-:--: - . .v^, .... u^.... ^i. a-^.^ 



.LP 



GeneraiiyFt.-not all of ithe- hosts ;will be transformed 
by the vector. Therefore, it will be necessary to select 
^OT transformed host cells. Once selection technique 
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orig^inal codon^-cr^Aiftiernatl^l-yr .«ie jsutostitute cbdons may 
code for.^a diffsTCTt'-amiTJor^td that^^ not ^affect the,- 
iimunogenieity -of -the^TOte-tn*^ roiay liaprove- its - ' 

immunogenicity For exaniplc / ^oligonucleotide' dire&tedy^'^^ 
site -speci^ie^'tfutagenesl^e^^ otlier^teeimiqiies^ to- create 
single "d* mtflt^ 

insertions , deletions ^ and ^raEfgpositienSt -^s- described -in^ 
Botstein and sho^rtle^ ^Stipategi^s -andJ^ Applications of In 
Vitro Mutagenesis . M : Science I ^ 32 (1985) > which^is 

incorporated herein *y reference if can^^be employed v Since 
such modified -SNA- can be^ obtained^by the application -of 
known techniguw; to the^ teachings cdittained hereiny stich^ --^^ 
DNA is within the scope of the. claimed invention. 

Moreover, ^it-^iil be recognized by those skilled in 
the art that the DNA sequence (or' fragments thereof )- of 'the 
invention can benised to obtain other DNA sequences that 
hybridise with it sunder conditions of moderate to high 
stringency (including the derived sequences ^discussi^- in 
the preceding paragraph) / using genera! ^techniques -known in 
the art. That is> the hybridizing sequences are at least 
90% homologous antf pre^ferably at least 95% homologouis txJ= 
hin47 . Accordingly^ the DNA of the invention- includes such 

- ' The' DNA of the invention may be «used in acOordanc - 
with known techniques, appropriately modified in view of 
the tea<diings> contained herein to construct an -expression ^ 
vector y which is then used to transform a microorganism for 
the expression and production of the adhesins of the 
invention. Such techniques include those disclosed in U.S. 
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gel permeation hitfli performance liquid chromatography ) ^ . 
isoelectric. . fopusing,_ an^^ 
thereof • 

One or more of these techniques are employed 
sequentially in a procedure designed to separate molecules 
according to their physical or chemical characteristics. 
These characteristics include the hydrophobicity, charge,, 
binding capability, and molecular weight of the protein. 
The various fractions :of materials obtained after each 
technique are tested. for their ability to react with the 
adhesin receptors^ Those fractions showing such activity 
are then subjected to the next technique in the sequential 
procedure, and the new fractions are tested again. The 
process is repeated until only one fraction reactive with 
the receptors remains and that fraction pjroduces only a 
single band when subjefcted to polyacyylamide gel^^ 
electrophoresis . 

The preferred techniques include those identified 
and described in U;S: Patent No. 4,446,122 issued May- 1, 
1984 to Chu, et al^, which is incorporated herein by refer- 
ence. Preferably, the adhesins are purified by receptor 
affinity chromatography or antibody affinity 
chromatography. 

Modified Adhesins 

The adhesins. of the invention may be modified by 
known protein modification techniques. Such modifications 
include breaking the protein into fragments that contain at 
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involves incorporating . into t^m^V^?^^^"" ^ 
sequence. witli: n^c^f5ary;^n^ elements^ t^^^^^ 
for a selectable. trait, in, «ie transformed, cell, t?^*?o Mfnuc<? 
antibiotic res'istanc;./ Alternatively, -the gene for such 
selectable trait can be on another vector, which is used to 
co-transform the desired host cell. The preferred 
expression vector for use in the invention, is the plSsmid 
pMClOl. The preferred host cell is B« colj, ^ 

The trans^oried host cells express the proteins or 
polypeptides of t»iS -invention.. Such ceris are -cultured by. 
known techniques,: and the proteins or' polypeptides are 
recovered by known techniques. Depending upoiv the host and 
expression system used, the recombinant proteins and 
polypeptides of the invention may be part of a fusion 
protein produced by the transformed host cells. Such 
proteins are recovered by known technique^^^^^ . 
undesired part may be removed by . lOTown techni^ 
Alternatively, the fusion protein itself may be more ^ 
immunogenic than the recombinant protein or polypeptide., 
alone and, therefore, may itself be used in a vapcine.. 

If desirable, the akhesins can be further purified' 
by the application of standard protein . 
techniques, modified and applied .in accordance with the 
discoveries and teachings described herein. Such 
techniques include electrophoresis, cent^^^ gel 
filtration, precipitation, dialysis, chromatography • 
(including ion exchange chromatography, affinity, 
chromatography, -immunoadsorbent affinity chromatography, 
rev rse-phase high. performance liquid chromatography, and 
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consensus sequence, the protein should have a well 
conserved region that acts as the receptor binding site. 
This site is the particularly^ preferred polypeptide of the 
invention. 

Alternatively/ polypeptide^ -<±orrasponding to 
various immunogenic epitopes and/or the receptor binding 
site of the protein may be chemically synthesized by 
methods well-)cnovh in the ar^, given the teachings 
contained herein. These include the methods disclosed in 
U.S. Patent No. .4,290,944/ issued Septeinber 22,.. 1981 to_ 
Goldberg, incorporated herein^ by reference. . 

Modified proteins or polypeptides .can be prepared 
that are substantially homologous to the Hi adhesin protein 
or to the polypeptides discussed above through the use of 
known techniques and routine experimentation, in view of the 
teachings contained herein." As used herein, the term 
"substantially homologous" meitis immunologically cross- 
reactive, Such a proteiil or tSolypeptide may identified 
by the fact that it will bind to antibodi^s^ tha^t were made 
to the adhesin protein of the invention, -which antibodies 
can be prepared by standard techniques v-v Som^ . pf. such 
modified proteins or polypeptides may have enhanced 
immunogenicity compared to the one from which they are 
derived. . ^- 

Thus, the invention includes class of derived 
proteins and polypeptides, including synthetically derived 
peptides or fragments of ■ the idhesin^ protein, haying common 
el ments of origin, structure, and' mechanism of action, 




Of 



«0> 



^ . ' W -^ Oi- 



•^0 
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Chain elongation is aecomplished'by 6Wp^^^ 
detrityiatea cshaini* initiation^ inorfQBtejr-< ^lh' a'' c ompbuhd " 
represented by the f brmil'ii^^-— - — — — • . f - . 

O — n 




Where Bn is benzyl and MMTr is monomiethoxj^ See 
Coiapound 8, Tablfe 1. (The compound will be associated with 
a counter ion. Preferably, the ion is an organic cation, 
such as triethyl ammonixm. ) The coupling is accomplished 
by using a condensing rea^^nt'^ ^ Wch as 'piValoyl chlorider 
The resulting com^)ound * is^ then detritylated/ The chain 
elongation-detritylat ion steps are repeated 'a sufficient 
number of times to pi^epare ah oligosaccharide the ' 
desired liength. Thus, If n represexrts the de^ 
of PRP monomers in the oligosaccharide, the chain 
elongation-detritylation cycles are repeated n-2 times 
after the coupling of the chain initiation monomer and the 
first chain elongation monomer. 

The chain is terminated by *coupiing it with a chain 
termination monomer represented by the following formula: 
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such as immunpgienic . ef f ectaor jbeing able .to. bind to the ^ 
previously nen^aoiied^ireceptorsr -rthat .are ivi thin: the^scope 
of the- present cinventd on -because they canr.berprepared by 
persons skilled in: the art without^ undue t-experimentati on ^ 
once given the- teachings of the present r invention, , 
Moreover , since persons' skilledcinotheeairt can make 
modifications to- or derivatives of ^epitopes^^or: the: oreceptor 
binding site^on^the proteins or polypeptides^ of cfehe* ^ 
invention^ >^pncen such' epitopes; or site are identified, such 
modifications. br derivatives are within the scope of the 
invention. Such derived proteins and polypeptides are 
preferably pure as that term^ivas previously defined .herein. 

The Hi adhesin- protein of the invention, (as well as 
the related proteins and polypeptides derived therefrom) 
has utility not- only- in the conjugate: vaccine but. as can 
immunogen • in its own right. Thus, it can be used in a ^ 
vaccine for .animals , - including ■ mammaisi>;;jrpdents^ - primates , 
and humans. . The preferred use is .a ^vaccine foruhtmans, 
preferably children^ and^most^ preferably young infants* 

Such a vaccine can be prepared by techniques known 
to those skilled, in the art and r^ould; comprise, ..for ^- 
example, the antigen, a .pharmaceutically ^acceptable car-c 
rier, an appropriate adjuvant, . and other materials 
traditionally : found in vaccines. 'An immunologically .e^f f ac- 
tive amount of the: antigen to be used in the vaccine is 
determined by means known in the ar^ in view of the teach- 
ings herein. .. i,- ■ • 
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Synthetic KtP^r 2 m^Mb' -j ^ : : ^ . ..uv 

- - ~: The'^inveTit±^^ PRP 
represented by otaie fdrittul^^x ''^ ^ 3 . v.ci: jar.c o 1-- 



HO 




— OH 



« OH 0 




1 J L 



n 



, in 1 'i i - 



where n is -an iiiteger from; v2 vto-j^Qv preferably 5^^^ 
is ( CH2 ) pCHO or x(CH2CH20>'^CH2t:H2^2^where f p ' is oan integer 
from 1 to 3; preferably:!. The abildty 1^ prepare this- . 
novel synthetic '^PRP pcrmats -the^ preparation c^^ jooinpositions 
where all of the PRP oligosaccharides are of the sane 
length (i.e. / have= the saiae number of monc^ , in 

contrast to FRP obtained from natural: sources, where the 
fragments vary tremendously in^-lengthiur : • . . » 10; t 



The PRP of the invention is prepared by a combina- 
tion of solid phases synthesis and the highly • efficient H- 
phosphonate method for the construction: of the 
phosphodiester linkage • It also: involves tt:he use ' of ^ gels 
with higher levels of functional±2ation^ -^which are^ better - 
suited for commercial scale operations. *• 
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"X?^ ^ 

'-^ ■ 'I- 

*.-.•.„. o" ■■ " ■ ■ - 



Bn U .e«,V.na ^^^^^^ L| ^up 

into an aiiino group, s«e co p . counter ion. 

Uerably, the ion xs an organ. ^^^^^ „ 

4«« ^ preferably, P is x, v>«nzvloxycarbonyl , 

a«»onxu».) ^ -trifluoroacetyl. benzyloxy 

preferably, R* . 
or fluorenyl»etboxycarbonyl. 

■ solid-bound oligomer 

The phosphoT-te '.preferably.. 



pyridine. 

^ ,s then removed from this 
The resulting ^^^t;^; ,,eavage by ^ethanolysis. 
solid support, preferably ^ formula: 

The recovered compound is repr .... 
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• 












firs-,- r; 




Where n is an xHfceger f rop 2 .^p 3Q^. prerferal^ly ^-i^O/ Bn is 
benzyl , and ip^' is defined a^ , aboVie,. iii-SeeP^Coinpwirids^^ and 
15, Table' 3. (The comppund will-beeaHsro a*"^ 
counter ion. Preferably^, the ion is^anoni^iuiir or 



s\2bstituted aitonbniim. ) ^^i^^. i rvrer 



The resulting compound is then deprotected by 
hydrogenation with palladium on charcoal. In the case 
where is (CT2)pCH(OR3)2^ v'^hp, hydrpgenatfed dBMpdiahd' is' 
further subjected to select^ive-,§cid hyd«^Tysiis^> sucn'as by 
treatment with "aqueous trifluor4aape1;ic '.acid. The resulting 
PRP oligomers are purified by^ standard teehrtiques/ 
preferably by ion-exchange chrproatographyrHSPlC' or gel 
filtration. See Compounds 14 iand l^v Table '3.' * 



Tablfe 1 shows the syiithesis of -th^- chaiVi ini^^ 
monomer. Compound 7, and the chain elongation monomer, 
Compound 8. The readily available. -meJtiiyt- 2, ' 
isopropylidene-beta-D-ribofuranoside .(Compound 1) ^Leonard, 
et al., J. Het. Chem. 3:485 (1966)i,i incorp6rdted herein by 
reference) Is used as starting .material.^^ Allylatibn d 
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Compound 1 with allyl bromide/sodium hyd3?Qxide in. N,N- 
dimetbylf ormamide .gives the - expected .5-O-raliyl v-Goiapound -2 

as an oil that-canrbe distilted;: rThis^coinpoimd is - 

subjected to .a isequence.. of reactions ^-compri^ing^ydrQiysis 
with aqueous, formic acid, : sodium borohydride.exe duct ion,.: 
tritylation with triphenylmethyl chloride/ pyridine/:?:, i i. i. v 
benzylation with, benzyl chloride/ sodium c hydroxide in^N^N^ 
dimethylformamide^r^SLnd ihydrolysistr^irithraqueous acetic acid. 
The resulting Compound 3 is purified by silica gel 
chromatography. / ^ j 

Benzylation^^of :!.Compound l vithJt>enzyl chloride/ ^ r;., 
sodium hydroxide'in N,N-dimethy If ormamide gives the 
expected 5-0-benzyl compound 4 j as an oil ^that can be. ..i. 
distilled. This_ compound is siibjected'-to a rseguence . of 
reactions comprising hydrolysis vith aqueous formic acid 
and benzoylation with benzoyl chloride in pyridine, giving 
Compound 5, which is purified by chromatography and 
crystallization. Compound 5 is subjected to a further 
sequence of reactions, comprising treatment with hydrogen 
bromide in dichloromethanej to jsrepare .^the glycosy^^^^^ 
followed by treatment with methanol and collidine. The 
resulting oirthoester is then debenzoylated with sodium 
methoxide in: methanol . . The resulting product > is . alkylated 
with allyl bromide/ sodium hydroxide in-- N,N- . ; ; . 
dimethylformamide to give, after purification by silica gel 
chromatography, Compound 6. 

Glycosylation can be accomplished by several 
methods. In the preferred method (A) , Compound 6 is 
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treated with trimethylsilyl chloride to. igive the. corT .r 
responding glyqosyl. chloride , rwhiclj, when treated .with: u:,.: i ai 
Compound 3 in thewPre6enq^uQ€.:inolii9uaar-^ a 
ribitol glycoside. ^ Alternatively: (B)., gpmppuQd.:6a.i^nv^.::s: . 

transesterif ied_.4n^ tit^® '^P^®s®?^P^- i?^ --^^?^P^ ' ^ac;.: - 

resulting ribitol orthoester is., thep. ^earrangisd iOrsifeu-fco- 
give the. ribitol -glycosidet ^ : u:. :^»-LW--:n: v 

The ri)pitol,xglycosi4e;:^iP;..tben.46«to^ it rcc. lii*- 

debenzoylation^iijith sodiw metboxide.tin^ methanpl and v: 
benzylation with; benzyl ehloride/sodium^hydrpxide. inr .N 
dimethylf ormamide • The resulting 5-0-allyl-2 ,3, A -tr i-O- 
benzyl-l-O- (3-0-allyl-2 , 5-di-O-benzyl-beta-D- 
ribof uranosyl ) -D-r ibitol .^is - 4eally J.ated - by i trealtment with , 
successively, tris- (triphenylphosphine) rhodium (I) chloride 
and aqueous acetic acid and monomethoxytritylated ..with 
monomethoxytrityl chloride • The result ing-:chainoinitiation 
monomer ( Compound 7 ) is , pur i f ied by chromatography . r . » ; ^ 

The condensation . reaction .of - Compound -7 with - » 
phosphorous acid/5 , 5-dimetbylT2-oxo-2'-chlororl ,.3 ,,2-: . l i 
dioxaphosphorinane . gives , the ch^in elong^tion .vmonomer -^o it. 

(Compound 8). u,: i,,:>^ i.^v^^C: ^i,^. = 

Table 2 shows the siynthesis of the t monomers for 
chain termination. Compound 6 is reacted with 
trimethylsilyl chloride to give the . corresponding chloride^ 
which is reacted with the appropriate ..alcohol^ inc. th^t pres- 
ence of molecular sieves to .give beta-glyeosideg , of ,;1;he: 
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alcoBolis; Preffeirably, th^' altsohols arex2M(2*-^ . : i 
a2idoethC)>cy)^6thant^,^^2^2- ■ ^ n- ^-, : v : L::-i r 

benzyl oxycarbonylamido>ethoxyi3ethanDl , or 2^2^ ^^^^ t- ^ 
diethoxyethanolw ^The .biBta^glycosides."^are:-sub^ected to the 
reaction -sequence debenzoylatlon^ ^/benzylationv * andne. c r n . >i i 
deallylationv -"^ae"^ in the preparationr of Compound-:^? ; ovhioh 
gives Compoundfi'' 9 or la^ * Condensation ' -with :^:phosph^ ir e 
acid/ 5-5^dimethylT2 -oxo'-2>^chloro!* ly 2 > 3 ^dioxa-phosphor inane 
according to thev same procedures used- to * -prepareiiGoiapowid 
gives the desired spacer ^containing monomers^ (Compounds 10 
or 12). U.L. • . ; ciJa rrrr- vrccv ^ j-:*:?::^- z -./^.r::,.. 

Table 3 shows the3:<spe&lf ic^iPRP oligomers obtained* 
after solid phase synthesis employing-* Compounds'' 7,-^8 and 
10 or 12. Compounds aS'^and 15: are -the protected oligomer so 
after removal from' i the soTidvsupport, :andoGompoundsc.i4 Lamd 
16 are the final oligomers af ter deprotectionw ' ^ ^ nv 

The preferred use^ of the novel PRP lis in.vthe 
preparation of the novel immunogenic conjugates. The 
oligomer is coupled to one of the proteins or polypeptides 
of the invention by standard techniques applied: to- the 
teachings contained herein. When the spacer terminates in 
an aldehyde group, the preferred technique is reductive 
amination using sodium borohydride as . described in Roy ^ et 
al., J. Carbohvdr, Chem; 6:161^165 (1987) and Lee^ et al^r 
Carbohydr . Res . , 77 : 143-^56 (1979) , both of \rtiich are- • o 
incorporated by ref erence . ~ When, the epacer^ terminates - with 
an amino group, ^he PRP is< converted^ Into:- the Isothiocynate 
by treatment with an activated, thiocarbonic acid' ^^ j -:? ir 
derivative, such as thiophosgene,^ end then coupled to the w 
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protein at a pH of -9-10^ in accordance -with the procedures 
described in Kalliiir-«t -^l- # gSlvoocoTtiiicrat;e J . , - 3 ; 311-319 
(198^) and Zop^f . et rAl - Methods Enzvinol^ ; 50 ; 171-175 
(1978), both of^which are incorporated r:herein by reference. 
The ratio of protein/ carbohydrate is determined by a 
combination of Lowry protein determination and ribose 
determination. The ratio is primarily a function of the 
ratio of carbohydrate to protein in the- initial reaction 
mixture and the type of spacer used. As shown in Example 
3, the use of a ^spacer terminating in an amiivo group 
_( Compound IS)'* results in- a greater niimber of tvc 
oligosaccharides being coupled to the protein than the use 
of a spacer terminating in an aldehyde group (Compound 14) . 
Table 4 shows t:he' formulas of the final ^conjugates;. - 

Vaccines • j'- r ^ • " - v -r ■ . 

The adhesin-oligosaccharide conjugates, as well as 
their protein components as previously mentioned, may be 
used in vaccines against both invasive- and non- invasive 
strains of H. influenzae . The conjugate vaccines - should - ^ 
have greatest utility. against H. influenzae :tYPe b. 

^ The vaccines comprise an immunologically effective 
amount of the immunogen in a pharmaceutically.. acceptable 
carrier* The combined immunogen and carrier may be an 
aqueous solution, emulsion, or suspension. An im* v- 
munologically effective amount is determinable. by ? -means 
known in 1:he art without undue experimentation > given the 
teachings contained- herein* In general, the quantity of 
immunogen will be between O.l and 100 micrograms per dose. 
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The carriers axe^ Known to those ^sJcillediL in' -tihfe' at^ and 
. include stA'biliz^rs'; diluents, and jpuffersl Suiirable 
, stabilizers -irtfilude carbohydrates.vfuchuas soffaitdl, 

lactose, iaanitbi, Vtafch, sucrose^^cdextran/ and glucose and 
. pr;ot:eins>-stidh as Albumin or casein. Suitable diluents 
include saline, Hanks Balanced Salts, and Ringers solution. 
Suitable buffers include an alka4<i>:^tal ph&spHate, an 
alkali metal- cf^fbbriate, or an alkaline earth metal 
carbonate. The vaccihe*'inay also contain one, or more 
adjuvants to improve immunogenjyp^ Suitable '^iflj'uveht 
include aliminim hydroxide,^ a^ ptM:>sphatef' bt'^aiumintiro 

oxide or a composition that consists of^a iiiiheral oil, such 
as Marcol 52/ or a vegetable oil ^.,£irjdi one or i^Aore 
emulsifying 'ageritsV ' . . . ■.^<' b-^ y^'^^'^'- " ' ""' ^ 

. The vaccine may also conta^i^^ 
Such .a .cocktail vaccine jias th<B ^^avfii^agfi that^'ianattxiity 
against severar^p^€hogens can be , obtained ' by ^ ' ifeinigle 
administration . fexampi'es of otheir . iwaumjgens' "a^^^ Otiose 
used in the known DPT vaccines. ,^tr. .v:^ 

The vacciheS of the inventipnv are- prepared by 
techniques known to those skilled inrthe art/- given t^ 
teachings containBd herein • General ly^: . the -immunogens are 
mixed :with the carrier to form a solutionvrsu^pehslon, or 
emulsion* One or mbre of the additives discussed ^above may 
be in the carrier or may be added subs^qiiently. The vac- 
cine preparations may be dessicated I -^fpr jexample, by freeze 
drying for ^storage purposes. ^ If ^^q^.r they »may be ' ' ' 
subsequently reconstituted into liquid vaccines 'Ijy the"^ ad- 
dition of an appropriate liquid carrier. 



wo 94/00149 



PCr/US93/O601-6 



- 54 - 



Thie vaccines^^arer administerBd toi ihumansnor other 
inaimals/ including: rod and prima tea • Preferably/: they 
are administered: to hxiaan children^/c moat preferably r - 
childr^n^ youngerr tlian : 18 months cxf ^ agesi eThey x:can be ^ r 
administered in {one ory moTB dosBBy40 Tbev ¥accines may-be^ 
administered by known' routes, of ^admifidBtration for this 
type of vaccine. The preferred routes are intramuscular or 
subcutaneous injection. Accordingly, the invention also 
comprises a method for inducing an^immuneeresponse to Hi in 
a mammal in order to protect tlmLioamaalr against dnfec^tipn : 
by invasive or non*^ invasive Hi. The method comprises 
administering taiw^iisaav^ologicall effective amount of the 
immunogens of the invention "to the-liost- and,v pr^ferabbLy^. 
administering the vaccines of the inyentipn tPx-thechositf^r^ 

Reagents • - -r : v r.:'-tjr w.i^^ c.^fj:^- •:^^vcc. -.r o., - 

■ ' ■'■ ■ ijc-vt;; /-ci^.^ • -.^ • • \ 

The conjugates-yvprotein/polypeptidesv and: dimmers 
of the invention are also useful asr reagents- for. jsjcientific 
research on the properties of pathogenicity, ;.>:Yirulence, and 
infectivity of Hi> as well as host defense anechanisms . For 
example, the DNA of the 'invention ^ can -beiused in an. 
oligonucleotide probe to identify the DNA of mother . 
microorganisms that might encode .an adhes in; fbr^ * such 
organism; The protein of the 'tlnvention^couldv* be used to 
make a mdnoclonal antibody that could be used to further 
purify composit'ions containing ^e :protein.vby ?fiff iivity. , ^ 
chromatography ' The protein usould also hesf used , in standard 
immunoassays to . screen for the ipresence \of antibodies, :to H, 
influenza ^in a ' sample. -j'A composition in ^acQordance: .with 
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the present -:=iiaventionA'Usef\iar«isi-:*n: invests reagent 
contains an amountcof 'congngat^r^ protein/polypeptide^ oxi 
oligomer effective*" to. provide the information or analysis 
sought^ t .The 1 determination of the amount necessary to 
accomplish a particular researxdi^^oal-^depends upon the . 
specific type of 1 invest igatd on-' dnvcd.ved and .i:s' readily 
within the routine skill- of? one engaged in^ such research^ 
once given the teachings contained herein. 

It: is :t)3 .be under stoDduth2rt.^e application of ±he 
teachings of the^^present- invention* to a specd;f ic probleSh or 
environment will be withiniithe^capabilirties^of one having 
ordinary skill in. the^ art ian. idght^of^f theitteac^^ 
contained herein . * ^ Examples, of tfaB products^ -^of - the present 
invention and^^processes for their preparation and use ^ - 
appear in ^ the r following examples i . v,. : ^ r 

EXAMPLE 1 ' 

Preparation of Synthetic PRP Oligosaccharide 

The preparation of rthe synthetic PRP 

oligosaccharides of the invention is;^ illustrated^ as i 

described herein and as shown in the reaction schemes 
outlined in Tables 1-3. i • - '< • 

Methyl 5-0-allyl-2 , 3-0-isopropylidene-beta-D- 
:L,-,ribofuranoside (Compound 2) 
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:A eolutiow o£ iMthyl'^a^ 
ribof uranosiderc^XSoinpDmid i (1>; .'.SOwi^^^^ 

(250'^'m-l')i^l^^an<fc pcswd«redcsodiunt*feyar wcts^^rcu) y 

stirred wh^i brosnideat<^o.4>ial^-vas: added dropwise^ 

After 2h, the excess allyl to»iaide was^ destroyed by addi- 
tion of methanbli CSO ml) % ^ * Afi:etcibifeiTJ§F stirred- for another 
hour, the ttixtiire iras partitioned between^vater^ and- 
toluene: - The organic: phase was washed vi^h^ water;* dried 
with'^ magnesium sulfate, and concentrated. Barium carbonate 
(250 mg) was added and the oil was distilled at 90-95 'C, 
0«75 mm Hg. The yield of~ Compound 2 va& approximately 90%. 

5-0-allyl»2 , 3 , 4-tri-O-benzyl-D-ribitol (Compound 3 ) 

^ Methylv: 5-0-allyl*^2 ,3MDp«isopropylddene^be^^ 
ribofuranoside (Compound 2, ' l.:S><g)y'dii formic acid 

(25 ml) wae heated:>on .OT'i-oil bath^at 'l'OD*C"for 10 hrs and 
was then concentrated and coevaporated twice. with wsuter. 
The obtained syrupy material , consisting mainlyTorf -\s^o- 
allyl-D-ribose and residual formic acidyi^s dissolved in 
water (25 ml), and the pH was^ ad jufsted to^ "7 -with' aqueous 
ammonia. Sodium borohydride ^io,!©^ g)^ was added, and the 
mixture was stirred for 3h , tJien^- adjusted to pH ' 7 wittx 
acetic acid,' and concentrated. -After three co-- ^ ■ ii 

concentrations with acetic acid-^methanol (1: 1)' an* two co- 
concentrations with methanol, the residue was dissolved in 
water (50 ml) , and the solution was slowly passed through a 
column of Dowex-50Wx2 (H+ form, 50-100 mesh, 2x20 cm) ion 
exchange - res iTi. The eluat^e,* consisting mainly^ ot^S-<0» 
allyl-D-ribitol, was concentrated, taken up in pyridine. 
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concentrated, and taken up again in pyridine (25 ml) . 
Tr iphenylmethyi: "Chloride t?(:^ rO dg) .vas cradded, xandrthe mixture 
was- stirred at ; room ten^eraturer-foEriS^^i uthen :»et 
(2.0 ;ml ) V was added e n Af terrcO^&Finrn^ tjitfae-wittixture was 
partitioned^ between cdichlorcnnetehane xand • water .^v r^e^ organic 
layer was washed 'wi'th w«ttBr;resulfuriciacldf xai^evgueousc 
sodium hydrogen icarbonarte>' dried i( magnesium ^?sul-fate)c> andr 
concentratedvt rTherxesidue was dissoivedcincMpSTdimethylr - 
f ormamide : (25. ml?) ^ The solution i was a.stii:ceduwhil:e;ipDwder d 
sodixim hydroxide (l.S \g) was> added ra£ol-iLowedr by. .benzyl 
chloride (4 . 40 ml/^.dropwise) i After r2 rhours^ methanol cr- 
(5 ml) was added, t-and after aS^Tttiiir the j^irbure? was re 
partitioned between toluem 'andirnwater. ^ ^The i organiexilayer 
was washed with^'wateT and; ooneentratedur Tbexx^esidue ^was^ ; 
dissolved in > 90%c:agiieous; lacetlo ^ acido (50 . mi>i land heated* .to 
100 * C for 2hv then jconoentratedie^eandrico-concentratedw.vith 
toluene^ The residue was t:pur if ied :by' chromatography on« ei 
silica gel. The »compotindawas eiutedr-withv.^oluene-»ethyl 
acetate 9:1. The yi^ld of .syrvrpy Compound r3^as; 4 8%3^Dn 




-Methyl - 5-0-ben2yl-a:^ 3n(S>-isopropylidene-betarc ^ 

D-ribofuranoside (Compound -^4) • i- j : > . j^- 

A solution ' of . methyl-2 , a-Of-isopropylidenenbetarD: , 
ribofuranoside (Compound J., 50 <g) y- N^Nr^dimethyli: formcuaide 
(250 ml) ^ and powdered sodium hydroxide . (50.. g) was stirred 
while benzyl chloride < 64 ml) was ...added dropwisew: After 
2h, the excess 'Of benzyl :chlorldle was destroyed by addition 
of methanol (50 ml) . After ibeingr stirred: for another- hour, 
the mixture -was partitioned between water landr toluene^ v The 
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organic phase was wshed with -water, dried., with -magnesi\i2n 
sulfate, and cpncentrated, ,,Baritm ca^rbonate^(;250 jD^^ was 
added and the oiX was distilled at jll5-^12Q'Cj 0*4 mm Hg. 
The yield of Compound .4 was japproximately ..9a% . _ . 

Methyl 5-0-benzyl-2,3-diT0-ben2oyl-l>eta- j. ^ 
: AD-Jribofuraposide (Compoimd 5) 

A solution of methyl 5-0-benzyl*2r 
isopropylidene-beta-D-ribofurano^ide (Compound. 4, 23 g) in 
95:5 formic acid-water (200 ml) ..was. Xept, at. xoom 
temperature for 3Q min, then cooled in ice. The cooled 
solution was poured into a vigorously stirred mixture of 
crushed ice, aqueous soditim hydroxide (24^. gvdn 2000 ml). 
and dichlorometKane (1000 ml) ♦ The mixture was shaken well 
in a separatory funnel, the organic layer, was separated, 
and the aqueous layer was extracted four times ^with 500 lal 
portions of dichloromethane. The combined organic 
extracts, containing mainly methyl 5rP-benzyirbeta-CH 
ribofuranoside were concentrated. Dry pyridine . (50 ml), was 
added, thet mixture was concentrated, then dry pyridine r 
(150 ml) was added again. The mixture was cooled in ice r 
while benzoyl chloride (34 ml) was added ^ropwise. The 
mixture was f urther stirred, at room temperature^ overniglit, 
then water X 2 ml) was added to destroy excess benzoyl ■ . 
chloride. The mixture was then partitioned between water 
(1000 ml) and dichloromethane. (500 .ml).. .The organic layer 
was washed with 2 H aqueous sulfuric acid, then with. 1 M 
aqueous sodium hydrogen carbonate. Concentration ^yielded a 
syrup, which was purified on a :Column of. silica: gel. The 
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fractions containing^ PUr^ ^^^t^^^^^^ J^^^^ pooled and 
concentrated. - The material could^be c^ from 

methanol dn the col d^ inp . 68-69 'C. The yield of Compound 5 

was 22-41%. The <3hromatqgraphy als^^ gave some starting 
material (Compound 4) in pure form (5-20%) • 



- 'w3^0-allyl«5-prl?enzyl-l ,.2-0-metho3c^ 
alpha-D-ribofuranose (6) 

A: solution .pf ,.hy^pgen bromide in dichloromethane 
was prepared^: fixing dichloromethane (150 ml ) , methmnor 
(3.0 ml) rand .acetyl- -bromide- (6.0 ml). Then methyl 2,3-di- 
O-benzoyl^S-^-benzyl-be^tarDrribof uranoside (Compound 5 , 
4.62 g) was added, -rand the.^i^fture was stirred at room 
temperature for 30 min. , jafter which the mixture, c6ri€a1Ln-''' 
ing mainly '2, S-di-O-'ben^oyl-S-O-benzyl-alpha-D- ' r;>\: 

ribofuranosyl bromide, was cooled in ice while collidine 
(25 ml) - was added dropwise with sftirring, fol lowed by 
methanol (10 ml) . The. mixture was further stirred for 3h 
at room temperature, then washed with water, - concentrated, 
and co-concentrat^d with methanol. The residue, containing 
mainly 3-0-benzoyl>-5.-0-benzyl-l, 2-0-methoxyben2yiidene-^ 
alpha-D-ribofuranose, was dissolved in methanol (50 ml) , "* 
and a solution of sodium methoxide in methanol (0.5 H, 
20 ml) was added. After 2h at room temperature, the 
nlxtvLTB iiias neutralized by. addition of C02(s), then 
concentrated and cb-concentrated once with N,N- = ^ .-^- 
dimethylformamide^{ The.^res,idue was dissolved in N,N- 
dimethylformamide i( 50, 9ilj^ . and stirred at room temperature ^ 
while powdered sodium hydrjpxide. (3.0 g) was added, followed 
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by allyl bromide^ (3 «Owml) , ..Afiter^ lh#>.tbe aiaeture ->was ;o 
partitioned between, water and tolu<^ne, the organic layer 
was washed with watery . and concentratedi ~Thepresid»e w^as 
purified by: chrpmatography Lom.^ilioa-gel^^using toluene- 
ethyl acetate-pyridine (90:10:1) as the eluant. The ap- 
propriate Mfractions were pooled and^-concentratedrjto ^give • 
Compound 6- (1.90 g, .48%). as a colorless. syrup. 

2,2, 4-tri-0-ben2yl-lT0r .( 2 > S-di-QrbenzyiTbeta-Dr . 

ribof uranosy 1 ) --5rS>T:ttQnoiM^thoxytr ity 1-Drr ihitol (Oon^aoxmd 7 ) 

Glvcosidation Method A - • 

Compound 6.: i4 . 0 g) was '^dissolved j in trimethylsilyl 
chloride (20 ml ): ^Af teri}2 Qoiain;^, r^at :rpom;:;temperature ^ the 
solution was concentrated, then co-concentrated with dry 
dichloromethane. The residue was dissolved in dry 
dichloromethane^ (25 ml ) containing upoydered nAh c moleculaac 
sieves (5^0 g) and Compound 3 (4.6 .g):criThe mixtur;e was 
stirred at room tempejrature. overnight s r The mixture, was: 
filtered and concentrated. The residue was purified by 
column chromatography (toluene-ethyl acetate 15:1 as 
eluant) and then taken up in 0«.04M-methanolic sodium 
methoxide (50 ml) «^ After. I hr at room temperature , the ^ 
mixture was neutralized by addition of C02(s), then 
concentrated and co-concentrated once with N,N- 
dimethylformamide. The -residue was dissolved ..in N,N^ -i-n 
dimethyl formamide (50 ml) .and stirred^atc room r temperature 
while powdered sodium.liydroxide . (3<0 ..gX ^was addedy a£olilowed 
by benzyl chloride (3.0 ml). After Ih, ^he mixture was 
partitioned between water and toluene, and the organic 
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layer was iirashei.wit^^ The residue 

was purified bjr chromatography on ^^ shorta column of silica 
gel using toluene-ethyl acetate (9:1) as eluant. The frac- 
tions containing S-Orallyl-T^raL^i'^tri-O-benzyl-X-O-^s-O- 
allyl-2 , 5-di-OrJDen2yl-b<Bta^-ribof uranosylj -p-ribitol were 
pooled and concentrated.-: ^Th^ residue wa^ ,dissolve€J^^::inrr- n . 
30 :12 : 4 -ethanol-r toluene-water .(75 .ml):y i and the solution was 
ref luxed In the-tpresence of. w^i^i r >. . j i r t - r ^ - - -X'. c <e 
tris ( triphenylpbosi^ine.) rhodi\W;(^ ) chloride , .< 2 00 ; ing) . until, 
thin-layer chromatography i showed complete conversion:, M ,Th 
mixture was ?conc«itrated and teJcen up in ^Qeticc aoid-water 
(30mr^ '9^:1 by volume) and the mixture was heated to 80*C 
for 1 hour, concentrated and the residue was partitioned 
between diethyl ether and : water, -dried, ^and concentrated.^^ 
The residue, containing mainly 2,3,4-tri-0-benzyl-l-0-(2,5- 
di-O-benzyl-beta-D-ribofuranosyl^) ^Draribitol-,: , was taHen-UR- 
in dry pyridine (50 ml) , - an* vmonomethoxytrityl chloride 
(3.5 g) was added The mixture was stirred -rovernight, then 
methanol was added to destroy the excess rchloride* After 
30 min, t:he mixture was partitioned between -dichloromethane 
and water, then washed with aqueous sulfuric acid and, , 
aqueous sodium bicarbonate, dried, and concentrated,: The 
residue was purified by chromatography on a colvimn p^ i : 
silica gel using toluene-ethyl acetate. ; (&: l>: Contaiiiing-i%'.v^^^ 
pyridine) as-eluant. - The appropriate fractions were pooled 
and concentrated to give Compotind 7 -(4,9 g,. 50%^- calculated 
from 6) as a colorless syrup. , -n 

Glvcosidat ion -Method B . . v ; ; ^ 

* Compoxmds .3 (4.6 g) and 6 (4.0 g) were dissolved in 
•dry nitromethane (60 ml)^ Methanol was .removed :by 
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continuous distillation, at.-, constant : yoXiunei'Witih,-£;ontimiousv 
addition:jQ£ nitrpmethane until thinr-iayer, chronaftography;.^ 
showed complete transesterif ication of Compound €• Mercury 
(II) bromide (500 mg) was added, and solvent was distilled 
off at constaujfe uVjOlume^ with. cpntdnufiUSv tawaditxon of 
nitromethane untixL vthin* layer tahromatograptoyr showed-Ahe? t-.? 
formation of a . new .products. c.Th0.;mixturre)Wa& ?purif ied byL, ..i 
chromatography and . treated further as ^jBscrdtoadr'^mder i^i-^j j 
method h ahovB./^^r*-- --uj ^^ciK^'^^u t^^y pj..«s.s,;.ii.C{ ^ .-.*-;3^:.(i " 

2,3, 4-tri-0-benz3r!i-i-0- (2 , S-di-O-behzyl-beta-Dejj- v . v. j 
ribofuranosyl)-f5^i>-monomethoKybrAtyirP*raa5i3tfi^^ rnm -or 
phosphonate (Confound 8) - • mc*>. .vr.v?c.:aii^ • : . m.-fr rtir.ior 

Compound 7 (4.9 g) was taken up in dry pyridine, 
and concentrated to dryness , tthen taken up in pyridine (20 
ml) and added to a solution of phosphonic acid (4.1 g) in 
pyridine (20ml)-. r5,5-dimethyl-2-oxo-:2-chlorjorlv3v2i- 
dioxaphosphorinane (5 . 0, g) was added.ci ui^hen. thin- layer 
chromatography showed complete conyc^rsioi;^, 1 M aqueous 
triethylammonivun bicarbonate (5 ml) .wa^ added, and . the 
mixture was rpartitioned between dichloromethaner v (20Pr JStli . 
and 0.5 M aqueous triethylammonium bicarbonate (13 0 ml). 
The organic layer was concentrated, and the residue was 
purified by chromatography on a short column of silica gel 
using a stepwise gradient of methanols In, dichloromethane 
(0-20%, containing 1% pyridine) ras -elueoiti. The yield «>f» 
amosrphouG Compound 8 was 80-^90%. . v.i .i.s, 

2 , 2-Diethoxyethyl 2 , 5-di-0-benzyl-?"beta=rD-ribof uranoside.^ 
(Compound 9,. p-.l, R3«ethyl) - . : ^ .c;; . ■ : 
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A mixture of; Coi^ppundr:6o42;»:0,:g).i^an(ictEixDeth^^ 
chloride ^{15 ^l)^iMa^T:Ke:pttya^^^^ :i20 jirin^i 

then concentrated >, and ccor concentrate witk :idxy ^ vt- v . 
dichloromethane. The residue was mixed with glycolaldehyde 
diethyLaceta^^^^);^!^ 9)' powdered 4 A molecular sieves (3.0 
g) , and dry dichlenromethane. {.3=5 at irooxn 

temperature -overnight, , the© •>fiiter:ed and concentrated. The 
residue was taken up in 0.04H methanolic sodium methoxide 
(25 ml) . ; After 1 hr. at room temperature, the mixture was 
neutralized by addition SQ2 (sj-.i;th^n tcomo^ntsated ^emd^co- 
concentrated <mce/w±th tlfJilr^disy^t!^^ The XiS&idue 

was dissolved in NfN-diJBtietl)yl£orma3iiiden(2Qijii^) and stirred 
at room temperature while powdered sodium hydroxide (3.0 g) 
was added, followed by benzyl chloride (3.0 ml). When TLC 
indicated ^complete conversion, methanol (2 ml) was added, 
and after 15 min. the mixtur^e was .pairtxti^oned;; between water 
and toluene, the organic layer was : washed iwith water <andr:e 
concentrated. The, residue was purified 1^ chromatography 
on a short column of silica .gei :Using :toluener ethyl racetate 
(8:2) as eluant. The appropj^Aate , fractions were, collected 
and concentrated,, then taken up in 30^12:4 tethanol-toluene- 
water (50 ml) , and the soliition. was, refluxed in the pres- 
ence of tris(triphenylphosphine) rhodium (I) chloride (100 mg) 
until thin-layer chromatography showed complete conversion. 
The mixture was then diluted with. ;4ic?hloromethanev washed 
with saturated aqueous potassium chloride, and 
concentrated. The .residue was .dissolved JLn ^10.: 1: acetcme- 
water (20 mlj , and mercuric » oxide (2.0 gj fpl^ow^ i>y 
mercuric chloride (2.0; g). was added. ... At tetr.n stirring at cr 
room, temperature for 30 min.. :the.. solids, .were .removed j by m 
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filtration^ and -the filtrate was pairtitioned between • 
diethyl ether and watery- washed with-^aqueous potass iuin 
iodide, dfried, and conisentrated. '^ Purif ication on' a shoxrt - 
silica gel isoltaian, usin^-'tbl^ene-ethyl'^cetater^ («:2| -as 
eluant, gave syrupy Compouhd **. The yi^ld^ was 60^6 5% 

2- [2- (benzyl oxycarbonyla?iidoTethoxy3ethyl 2 ^ S-di-O-benzyl- 
beta-D-ribofuranoside (Compound 11, p « Tz-^^R^ = NHCOOBn) r,*' 

A mixture ^f <Coiapound 6 (2.0 >g) and- trimethylsilyl 
chloride (15 ml^) Was kept at room temperature f or 20 min. , 
then concentrated/ and co-concentrated witii dry ' : , >. 

dichloromethane. The residue- vas mixed witii 2-(2- 
(benzyloxycarbonylamido)ethoxy]ethanol (1.5 g) , powdered 4 
A molecular sieves (3.0 g) r vand dry diohloromethane"415- -ml^/ 
and was stirred at room temperature ovemfight, then 
filtered and ci6ncentrated. The residue was taken ^ip in - • ' 
0 • 04M methanol ic sodium methoxide (25 ml) 'V"- After 1^ hr • -at 
room temperature, the mixture was neutralized by addition 
of C02(s)^ then concentrated and- co-concentrated ^noe^ -with • 
N,N~dimethylf ormamide. .The residue was dissolved in N,N- 
dimethylformamide <20 ml) and stirred at room temperature 
while freshly prepared silver oxide (3.0 g) was added, fol- 
lowed by benzyl bromide (3.0 ml). When thin layer 
chromatography indicated complete conversion, the mixture 
was filtered. The filtrate was partitioned between water 
and toluene, the organic layer was washed with water and 
aqueous sodium thiosulfate, and concentrated;' The residue 
was puf'ified by chromatography • on a short column of silica 
gel using toluene-ethyl acetate (&: 2) . as^ eluant . The ap- 
propriate fractions were collected and concentrated, then 
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treated with Seleniuin 'aibxiafe ""^570 i^^^ and acetic acipl 
(?0.4ial> in dimta:ftk^;{ii'^idf a€'*refiux for 40 ininj.,^ /pbe 
mixtiire?-was ''then^^^^fltBi!-e^ through Cei it e. The yield of 
syrupy 'CoHijHiunti ^1* After clironiatbgraphic purification ^was 

2- (2--Azidoethoxyy^thyl ~2 V^-dx-d-^Berizyl-bet^ 
ribofuranosi4e^-<tSxnipound 11, p = 1, - N3) 



A mixture of Compound 6 (2.0 g) and trimethylsilyl 
chloride (15 ml) was kept a t"^^ room temperature for 20 min., 
then concentrated, and co--concentrated with dry 
dichloromethane* --^Hie -fesidu^'-^wSi^^^^ 2-(2- 
azidoethoxy)ethanol (2.0 g) , powdered 4 A molecular sieves 
(3.0 g) , and dry dichloromethane (15 ml) and was stirred at 
room temperature tivernlght, then filtered and concentrated. 
The resxdue was taken up in 0 . 04M methanol ic sodium 
methoxide (25 mT) After 1 hr.^ at room temperature, ,1;t^ 
mixture was ^neutralized by ^addit^^ of 062(3), then ^ 
concentrated and co-concentrated once with N.N- 
dimethylf ormamidef was dissolved in N:^N- 



•■ ■ t > 



dimethylformamide (20 ml) and stirred at room temperature 
j/hile powdered sodium hydroxide (3.6 g) was added, followed 
by benzyl chloride (3:0 ml) . tflheh thin layer 
chromatography Indicated complete conversion, methanol (2 
ml) was added,' and after 15 min. the mixture was 
partitioned between water and toluene, the organic layer 
was washed with water and concentrated. The residue. .was , 
purified by chromatography on a Ishdrt coliimn of silica gel 
using toluene^ethyl acetate (tf:i) as eluant. The apprj^pzrf^ 
ate fractions were * eollecte:d and" concentrated, then treated 
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with , acetic acid (0 . 4ml ) , dioxane (14ml y and selenium 
dioxide <0.57g) at :r«flux^for 40- minv- The mixture was 
filtered and concentrateki . - The yifeld - of -s^lrupy^Coftpoand 11 
after -chromatograhi^ purification was 50%. 

2 , 2-Diethoxyethyl 2 , s-di-O^benzyi-^^efea-D^tbbfuranbiside 3- 
H-phosphonate (Compound .10, p «- l, R3«»ethyl) - - ' - 

Compound ' 9 was treated 'witKr pftiosphohie -^ae id and 
condensing reagent essentially as described^fbr- the 
preparation of -compound -8 to- give amorphous -^Hipound- 10 ' 

2- [2- (benzyloxycarbonylamidoy^thoxy Jethyl 2 > 5-di^-behzy2- 
beta-D-ribofuranoside 3-H^phos^onate f Compound 12 f^p =-1, 
r4 « NHCOOBn) « ^ • : : : 

Compound 11 vas treated with -phosphohic acid' and - ^ 
condensing reagent essentially^^ described for the 
preparation of Compound 8 to give amorphous Compound 12 
(75%). - --f>--^-- 

2-(2-Azidoethoxy)ethyl 2 , S-di-O-benzyl-beta-D- ■ 
ribofuranoside 3-H-"phosphOnate (Compound a2; p = 1/ = 

Compound 11 was treated with phosphonic ' acid and 
condensing reagenlT essentially as described for the 
preparation of Compoiuid 8 to give amorphous Compound 12 
(70%) . 
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Solid - Phasfe-synth esis t ^- ch alty- lui^ialrrcyh - . 

• I, ' Reparation of tfe^ S-^isuccinate cf -Compoxind 7 
«^^-• ' ''Oi^ w^^'^jJt.ti.iA^.^.zLii.^A ^j'P-- -•■ - . 

To »a solution of ' Cdmpc^lftd' T^(A "mnol ^ in dry 
pyridine^ (25 mr)-: "containing ^^l*^t:hyia«ihopyridine (l 
xoinoiy vas added^ succinic "-anKJ*lr±de (l« minbl) . After stir- 
ring overnight water (O.SialJ^^was ^dded. After 3 hrs. the- 
mixture was partitic3rneia M>etw^en l:l^-toluene-fethyl acetate 
and aqueouscphosphate buffer '(pH 6.5):.^^^ The^-organic ladrdt 
was washed with buffer, and concentrated. The obtained 3* 
succinate of 7 was dried in vacuum over phosphorous 
pentoxide . ' ^^ J^, . 

2. ' Coiftadng df .daie-. 3^sutK:ina^ phase 

The succinate obtained -above ' flO e^qniivalents bv6r 
the r^sjji amino -group content) was dissolved in 
dichloromethane (5 ml/g) and mixed With a solution of 
dicyclohexylcartDodiimide (5 equivalents over the resin 
amino group content) in ^ small volume bf dichlorbmethane. 
The mixture was stirred for '15 min. at room temperature, 
then concentrated. The residue was dissolved in N,N- 
dimethylf ormamide (5 ml/g) and the solution was filtered, ' 
then added to Merri field-type -aminomethyl resin (pre-washed 
with N, N-d ime thy If ormamide) ; After 6 h, the resin was 
washed with NvU^imethylf ormamide, then with pyridine. Th 
resin was treat:ed with 9:1 pyridine-acetic anhydride for 2 
hr., washed with pyridine, tiiefn washed ^vi1:h " - 
dichloromethane. The degree of functlonalization was 
determined by treating a dried and "weighed amount of resin 
with 0.5% trifluoroacetic acid in 1, 2-dichloroethane, and 
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estimating the 'trii:yl cation .content dn.. the . supernatant by 
spectrophotoffietryr(495J:na)iW' ' A itypicalc value, .wasr Xk-S- minol/ 

Solid Phase synthesis: chain elongation cycle 

The solid-phase synthetic operations were carried 
out in a semi-automated apparatus, consisting of a reaction 
vessel with a glass filter bottom, agitation device (small 
scale batches were agitated by pressing dry nitrogen 
through the bottom filter) / liquid outlet -(bottom) , and 
liquid inlet (tbp):.^ -^LiquidJrWasurenQve^ vessel 
through the bottom filter by suction, and added at the top 
by pressing with' nitrogen^ from' other vesselsL^^through teflon 
txibing. x-r ^--f-ii-^r ••»...;„„: ri;rj^i.:r-jn:t,:^ 

1. Trityl"deprotection . w. 

The resin was treated with a 0 * 5% solution of lacu 
trif luoroacetic -acid in dichloromethane until no mor«^ 
trityl cation was 'ifeleased (as determined''- ' ? ^ . a/v~ 
spectrophotometrically) > then the resin Was washed vith- 
dichloromethahe , followed by 4:1 dichioromethane-pyridine . 

2. Coupling ^ - ^ :v 

Pivaloyl ^chloride (4 equivalents over the resin 
hydroxy 1 groups } in dichlorometh2me ^ 2ml/mmol : cdilordde ) 
was added to a solution of compound 6 (4wegud^valents^ in 
4:1 dichioromethane-pyridine <8ml/mmol.. chloride) . After 2 
min. , the mixture-^wa& added to* the res in »• Agitation was 
continued for 10 min, then the- resin was washed' with ^ 
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successively, pyridine and-4:'i' dichloromethane pyridine and 
dichloroinethane-i'' The yield in' feach' coupling step- wa« 9T%- 
99% , as determined speetrophotdine€ricSlly'- by the- amount' -'of 
the released' trityl fcatibn- ih-the deprotection step. 



Chain Termination ---^-^- - n-orioc to«*.^ ?;nci.'>«-^x«tr^ • r. 

Det'rit^lated resin *^*»*^"tre&ted as under (2) but 
with compound 9- brPll; instead 6f=-SV^'^i^^ i^^-lsi-f ate ^ ypv v. 

Oxidation • - ' • --'^^ ;.::-inr-i«:, rmr c..rr3.:.: 

The resin was treated With ti^"1C3rfeshly^prepared^^%^' 
solution of iodine in -98%-aqtieous^^'P^ 3* 'rafinh:^^ 

then washed withv -successively; pyridinie end 
dichloromethanev::: '^crxao n-io-:^cr 

Removal ^yoffi resjri ^ - ^ ar-a a':v : ^ . 

The resin was 'treated with sodiuto methoxide l:"!- ■ 
dioxane-methanol ( 0 . 05M) for 16 -hours at toom temperature , 
acetic acid was added, and themixture' wad -then filtered 
and the filtrate" was concentrated. Th^- residiie> ^trcdrding 
to NMR analysis, contained 'Compound 13 (ir 10 was used for 
chain termination) or 15 (if IS- was Uised for ' chain ' ' 
termination) , together with impurities .'^ ' * ' - " ' ' 

Deprotection 

1 . Conversion of Compouhd 13 td^ Comp'oiind 14 

The material that was' removed from the resin as- 
described above was dissolved in 1:2:2 ethylacctate- 
ethanol-water(0.1 ml/mg'iaaterikl) containing acetic acid " 
(©•3%), and 10% Pd/C (0*5-2 mg/mg material) was added; The 
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mixture was hydrogenatcd at 60 and atmospheric: pressure 
overnight; then filtered, adjusted to. pH ;7vr and . „ 
concentrated. The^ residue: was. partitioned between diethyl 
ether and water. . The aqueous layer: was: separated and . 
concentrated. The^residue was taken.. up in 50% aqueous 
trifluoroacetic acid at 0*C. ..After 4 h, the mixture was 
neutralized at 0*C with ammonia to pH 7, then the mixture 
was concentrated to a volume, of approximately^ao^ mg/ml , and 
applied to a column ofFractogel TSKwHW-^50^ . packed .and 
eluted with lOxiiM ammoniiun bicarbonate - buffer , pH6 • 2 • The 
appropriate fractions were collected, concentrated, and 
redissolved in water t(0:.a ml/mg material)^ . Zhls.Ljsolution 
was slowly passed through a column of Dowex-sa x 8 . <Naj ... j . 
form, packed and eluted with water). The appropriate 
fractions were collected and lyophilized. NMR spectroscopy 
in D2O solution showed, inter alia^ signals from the 
anomeric protons in the region 4.9-5. Ippm and signals from 
the spacer unit •{ aldehyde proton, dihydrate form) at 5.1- 
5.2 ppm. The amount of successful coupling cycles (that 
is, the value of n in formula, for Compound 14) was verified 
by integration over the anomeric signals and the spacer 
signals, respectively. 

2. Conversion of Compound 15 to Compound 16 

The material that was removed from the resin was 
treated essentially as described above for conversion of 
Compound 13 to 14, except that the trifluoroacetic acid 
treatment was omitted. NMR spectroscopy in D2O solution of 
the lyophilized product showed, inter alia,, signals from 
the anomeric protons in the region 4.9-5.1 ppm and signals 
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from the spiicet '^anit -(CH2N tripTfe^^ 

of successful ^soupling <:ycl%s ( that is, the value ^of n in 
the formula for Compound 16^^ was' vferified-^^b ihtegratioiS' 
over the ^noroeric «i^aT.s the-sipacer ^signals, 
respectively." 'The' purifidatioh of r4^"aha^l6 could also be 
etfecteid toy prfe¥>&r3tive^ HPLC^^^ 

aqueous triethylaimnbniiim acetate ' tpfts * 3 > ^"witH '2 ; 5% 
acetonltrite ^O^uaht. • v i!.:*- c:io.. v - 

'• EXAMPLE- 2"^- ... . 

■ ' PQirliflcatiQn of aft Htt> AdH#>^^^V'^- - 

Bacteria were grown 24 li ih def iitea media knd ^' * ^ ' 
labeled metabolically with • ^Ss^jjiethionine'; dells' were ' 
harvested and washed by cehtrif ugatid?n tttree tiine* iit^ 
saline and suspended in ap|)r6ximately 2« ml^ 10 mM Hep^s ' 
buffer, pH 7.4; and chilled' <)n^iceT - l»^ 

s ion was then sonicated on ice 6 'times- for 30; Seconds each 
at a setting of 4 oh a Broiison Sonicator. The sonic ' - 
extract was centrifuged* at "10 > 000 x g for la at 4*^ C, 

and the resulting outer membrane proteiii ' (<»IP> pellet was 
stored until use in Hepes buffer containing p^rotease 
inhibitors- <PIC I- S: PIC 11) . > i ^ o.; -- ^;rrv; ^_ 1. , . 

OMPs were next t;entrifuged at 100, bOO x g 'for '30 
min. at 4* C and the resulting pellet was suspisnded in 4 ml 
of 10 mM Hepes, *pH^8/0; cdhtainihg^l.*^* octyl-- . i * :: ' ^ 
glucopyranoside {Sigma) i sonicated 5 minvy and ^incubated at 
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room temperatiire Tor 30^Tnim' The resul^ing^^ solubilized 
OMPs were centrifuged again 100,^00 x^g-fcsD 30 min. at 
4* C, and the supernatant containing i)artially purified 
adhesin was decanted and saved:; '-"^n^^^TLr-c . ^ . r . 

The aidhesin was puri f ±ed by a-i 3:eceptor--afif indtyr t: 
solid phase procedure as follows*; :^ Kie supernatant was . 
diluted 1/10 in 50 idM Tris-HCl, pH 7 ,8^ containing 150 nM 
NaCL and 1% bovine serun ■^abuniiiv~(BSA)v/and«rincubated.viA^^ 
receptor-coated- microti ter -wells 8 aicrograms of . 
gangliotetraosylceramide/well^ -whlchrfaad^^been previously 
blocked vith Controlv^eils jliaclcing receptor .vere':?aasx> 

used. After a 2 h-:- incubation at Toom temperature, wells 
were washed 4 times with cold saline The. ii?a^^ 
adhesin was eluted by incubating ^tfae wells^f or .30 min.-at.^^.^ 
37* C with 0*05 ml of 10 1^^^ containing 
0.1% SDS which had been ^previously heated to *60V C* The 
SDS elution buf f er was removed from the swells and. /analyzed 
for protein by SDS-PAGE and autoradiography : ^ 1 

Alternatively, the adhesin can be purified by .using 
an affinity -chromatography column where the lipid receptor 
is immobilized onto an appropriate gel solid support. j. .Th 
sonic extract "is loaded on the tc^ of the gel and \the . : ^- 
coltimn is washed to remove unbound .material. The adhesin 
is then eluted with SDS elution bxiffer or a chaotropic - < 
agent, such as NaCl or KSCN, and dialyzed and aneJ^yzed. by 
SDS-PAGE and autoradiography. . .n t : : 

The molecular weight of the purified adhesin- 
protein was determined by -SDS-polyacrylamide gel - 
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electrophoresis.;; . ^Figure -1 shows. :tfeia-^inple analysis in the 
following lanes: l,_. totals oxitjar membrane protein 
preparation from Haemophilus infliienzae jbvpe b stained with 
Coomass ie blue; 2 ^ t autpradipgraphy of, p ^S-iabeled total 
outer membrane pyoteirigi .3, ajjitpradiography. of 3.5s-i^abeled 
adhesin proteirv^M^^^ ^from immobijli?.^ receptor asfiialo- 
GMi ; 4 , autoradiography of material .elu^^ed -from immobilized 
globoside, a nonsense glycol ipid*:,.^tfArrow .ind^ the 
adhesin migrating < between tPi and ^P2 . with a Nmolecular 4i/eight 

of about 41 kD'. ...'.X:JL:. v: ■ .^cl;'. -...C.. K.' . C" \.v 

'r^:.:^ ^ aXAMPIJl.a . ^> 

Neutraliz ation of Adhesin . Binding to Receptor 

BALE C mice were injected IP with 10 micrograms of 
partially purified adhesin protein ..(Hib OMPs) incomplete 
Freunds adjuvant (1:1) • After one month, the mice were 
boosted with a seeondr IP injection (10 micrograms of , 
protein) using incomplete Freunds, adjuvant followed by a 
third injection 10 days. later* : 

Antiserum was then tested for neutralizing activity 
against 35s-iabeled Hib adhesin in a receptpr: binding 
assay* In this case, antiserum and normal mouse senm at 
various dilutions were incubated, with. 3 5s-iabeled Hib 
adhesin protein for one hour at room temperature and then 
added to microtit^r wells coated with asialoT^l or 
globoside as a negative control • .After incxibation of: the-, 
microtiter plates for 2 hours, at room temperature, :r-the 
microtiter wells were washed, cut from the plates and 
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radioactivity was cguantifiiea' using Beta-^scintillatioh 
counter. Thfe results are shown in Figure -2 r - The -results 
show tAat the^adhesin is iimunogenic-aTid that antibodies^ to 
the adhesin effectively neutralize the 'adhesin's receptor 
binding activity,::" :i 

■ --1-" ' .f -'-•i" I v T'i'- . c'- t . '-^ » * -^>'!y=^....^ilyi^iJL•...• 

Identif icatlon and Cloning of 
an flaepophiXu^ ^Tiif luenza Adhesjn - - 

1. Menbrane '^proteins binding to receptor. 
Membrane proteins were prepared as follows. Haemophilus 
influenzae type b (ATCC 9795) were grown to stationary 
phase, pelleted; resuspended in saline buffer, and - • ^ 
sonically disrupted. This material was then centrifuged at 
12,000 X g for 15 min, and the supernatant ^was centrifuged 
at 100,000 X g f or l h. The resultaiit pellet cohtarined 
Haemophilus membranes, which were resuspended in^ -sal i^ne arid 
tested for adhesin activity as described in Krivan, et al. 
Proc. Natl, Acad> Sci. USA . 85:6157-6161 (1988), 
incorporated here in^ by reference. Briefly, membranes were 
prepared from [^%] methionine metabolically-labeled>^^eells 
(1 micro-Ci/ml of media) . Glycolipids were resuspended in 
chloroform: methanol (1:1, vol: vol) and serially diluted • 
into 96-well microtiter plates. These plates were allowed * 
to dry, washed 5 times with Tris/BSA < 25 mMTris, pH7.5, 1% 
bovine serum albximin) , then 2 X 10^ CPH of labeled 
membranes were added to each well and indubated at room 
temperature far 2 h. The plates were then washed with - 
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Tris/BSA 5 times, and the ^individual i wells r cut out and 
counted on a scijitillati^ the amount 

of CPM bound to :each well. - This sbowed^that. .Hi _ membranes 
bound similar to Hi irtiolei cells.-— ..^ - .x. v.a^r::r 

, 2. Production of monoclonal antibodies that i. -^o 
inhibit adhesion of t Haemophilus. ; Balb/o mice were 
immunized -^ith membranesLfromvHaemoDhilus influenzae type,.b 
(ATCC 9795)., and their '•sera^wasv tested-rif or -the development 
of antibody that inhibited membranes from binding to 
receptor (Figure :2H ^r^.spleens' from .these mice, were used to 
isolate splenocytes for fusion with SP2/o^A614e.(ATCC/CRL 
8287) mouse myeloma cells according .tor.Harlowv et ai. , . , ^ 
Antibodies : A laboratory .Manual : (Cold • Spring Harbor . - 
Laboratory , Cold Spring Harbor , . oNY) i< 1988 ) y /incorporated 
herein by reference. Seven hundred' and fifty positive 
fusion hybridoma cultures from four; separate fusions were 
screened for the production of ^antibody^i that reacted on 
ELISA with membranes^ The, ELISA was performed as follows. 
Membranes containing 1 microgram of .protein were used to; t 
coat 96-well microtiter^ plates ; The coated wells were - 
washed with PBS (phosphate buffered saline, 10 mM sodium 
phosphate, pH 7.5,- 167 mM sodixim chloride) > i;thenL> incubated 
with 100 microliters of hybridoma culture, supernatant^ The 
wells were washed, incubated with 100 microliters of 
secondary goat anti-mouse antibody conjugated with 
horseradish peroxidase for 1 h, then bound antibody was 
detected colorimetrically <Biorad} • Seventyrfive membrane- 
reactive hybridoma cultures .were then testedv for the. - , 
ability to .inhibit membrane; binding : ( Figure 3).. Hybridoma 
culture supernatants were incubated . with 4 x. 10* CPM of . . ^ 
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[3 5s ] -methionine labeled aenbranes for-1 h at room 
temperature « This mixture was -^en added to serial 
dilutions. of -receptor bound passively to 96-well microtiter 
plates and -assayed for binding • Two ^^^^c^ ^-of ^inhibiting 

antibodies were identified. One class, such as the 
antibodies designated Hibl€, completely inhibited -binding s 
and were subsequently shown to react with the 
lipooligosaccharide^ component ,o£ t:hese membranes • . . The v - 
second class of rantibodie&^..:su^^cas/those designated. :Hib30 
and Hib43, partially inhibited binding; 

3. . Identification of the putative adhesxn. The 
hybridoma cultures which produced antibodies that partially 
inhibited binding were cloned by limiting dilution to 
obtain stable cell lines according to Harlow, E. and R. 
Lane (1988 ) "Antibodies: A Laboratory Manual , " ^ pp.. ^139^^^ 
244 , Cold ' Spring Harbor , NY , incorporated herein by 
reference. Large amounts of antibody were produced in the 
ascitis fluid of Balb/c mice, ^and the class of each 
antibody was determined according to Harlow et al. The 
antibodies were then used on Western blot of Haemophilus 
membranes and whole cells to identify a potential protein 
adhes in. .according to Harlow et al. All of these antibodies 
recognized an approximate 47 kDa protein, Hin47, by this 
technique (Figure 4) . Western blot analysis with these 
antibodies according to Harlow et al. allowed further 
characterization of this protein* Several lines of 
evidence suggested that this protein is located on the 
surface of Haemophilus , as would be expected for a 
functional adhesin. First, the ability of whole cells to 
bind the receptor was inhibited by these antibodies in an 
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assay as - described ^abpyeuf or- »einbr^^ .inhibition 
but using radioji^abele^: whole loells ^(4. X rlO^i CPM/w^ . 
Second,, the Jiin47;>^.a: ImnunoreaQtivercprptein, was degraded 
when, whole <3<^1 Is were- ti:^ated :w4th: pro^fefeiiiia^^^^ (Figure A) . 
Briefly, whole, cells: were igr.own to stationary ^hase, . 
pelleted by centrifugation (12,000 x g) , and resuspended in 
PBS,,. Serial. 4^^^ K were added to the 

cells and incubated „fpr ;lu Jh-ancCells, jwere with 
SDS-PAGE r&ampXf^^bVitfex^ accor*ingn to^ Laenmill, Nature 
ILondonl, 227:680-685 (1970)- (incorporated Jierein by : 
reference),, foiled,:.: and :$Qparated con SDStiPAGE, This , gel 
was then Western -Jb:lotted;»:.tp detect tttie. presence. :of an .r : 
iimunoreactive Hin47i proteinic- OJiirdr iodinated whole cells 
contained a radiolabeled cHin47; protein -that .could be ^ 
immunoprecipitated from SQlxibilized proteins jby^ the anti-? . 
adhesin antibodies.*; Brief ly^s ^whole Haemophilus- were «grownt> 
to stationary, phase and pelleted by centrifugation . Cells 
were resuspended in. PBS and iodinated with ^ipdogen . (Pierce) 
according to the manufacturer/s recommendation. iCells were 
then solubilized in radio immune precipitation buff er^ (RIPA.- 
buffer, 20 mM Tris* pH 7^4, .150 mM NaCl, 1- mM^DTA, 1% 
Nonidet P-40, 1% deoxcholate, 0.1% SDS, lmM:.-PMSF) - and then 
incubated with Gammabind beads (Pharmacia) overnight at .i 
4*C. The beads were then pelleted by centrifugation t:(2Q00 
X g, 5 min) , . washed 5 times with PBS . containing 0.05% 
Tween*20, and resuspended in SDS-PAGE sample buffer- This 
sample was then separated by ^SDS-PAGE, and the gel was 
dried and autoradiographed. This showed the Hin47 protein 
was dcces.Qible it^,^^i^^ fpWCi^j^M^^ 
membranes that were extracted regeetec^^ Xr-. 
100 lost this Hin4.7 immunpreactive protein. This was 
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performed by taking whole cells or membranes and mixing 
them with the detergent r >pelletiingi.^^^t^ :^: 
centrifugation,;;taJ2./c<)Q0 ;x for .mexn^ ?ind 2Q00 x g ifor 

whole cells) >^^nd talciJig3t**L% supernataj^ . 
(pellet and supernatant) .was separated gel , 

Western blotted^ / and the ^presence rof ^ jHi5i4i*fcTprotein : detected 
with Hib 43 antibody in taiejstyjub 

t4.. Cl<ming.randL:8eguencin9 :OfKj^ gene tbat ^ encodes 
the 47 kDa adhesin-.;: Cloning methods cyere ^perf ormed by 
standard procedures . as . despribeAJby^^Maniatis et al.. 
Molecular doping;-. A il^aboiratorY nm^^il UQoXd Spring Harbor 
Laboratory, Cold Spring Harbor.^. NY>. ( 19.82) / .incorporated: 
herein by reference .r^ Total DNA from Haemophilus ^ influenza : 
type b strain ATCC 9795 was isolated .and ^partially digested 
with the restriction enzymes Eco ^Rl according to the • no 
manufacturer's recommendations (BoerhingerrManheim) * .rDNA 
fragments 4-15 kbp in length were i isolated on a sucrose, 
gradient and ligated to Eco Rl-digested ljambda ZAPII arms 
as supplied by Stratagene, Inc. This . ligation was -then: 
packaged into phage particles and .used to tranfect the 
Escherichia coli host strain/ XL- 1 ..(according ito :Statagene 
protocol) to obtain phage plaques which express Haemophilus 
proteins . These plagues* were used" in an . dmmunoblot • screen 
with Hib 43 using a ^Stratagene.Picoblue. detect ion kit. 
Positive reacting plaques were tpurified and lused* to- induce 
the production of a plasmid through the userof^ the. helper 
phage R4 08 (according to Stratagene protocol) >« These 
plasmids.ccarried .the Haemophilus insert DNA which encoded 
the Hin47 immunoreactive protein. The restriction map for 
one of these plasmids, designated pMClOl, is shown in 
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Figure 5. All plasmids which expressed the Hin47 protein 
contained the 10.5 kbp DNA from Hi. The location of the . 
gene end?odin^^hi's pr<)t€in vms-^^ 

analysis of pMClOl. Deletion analysis was performed by 
generation of "itiBclones of pMClOi bon various 
restriction f ra^fent^ in ' the Vector pSK f^y (Stratagene) . 
These subclone^ are represented on figure 5 with an ' ' " 
indication of whether each expresses a Hib 43 
immunoreactive protein. The deletion analysis suggested 
that the Hin47 was encoded by a gehe 'trtiix:h w^^ bounded by 
an approximate 2.^4 kbase 1 to 'BainHl -fragment. 
Therefore; sequfehce analysis of thi^^ ^e^^^ - - 

performed using' the- dideoxy doiSble stranded • sequencing 
methods of Sanger et al. ; "Determination of Nucleotide ' 
Sequences ill DNA; " SsiJacg'/ 214:1205-1210 (1981)7 with " 
Sequenase® brand "of DNA polymerate^V (tiiS Biotrliemicals) • 
The results of 'this analysis are represeiited in Figures 7A 
and 7B. An open reading frime" (ORP) was itaentified which 
would encode an approximate^ 49' IcDa protfe'in, comprising 463 
amino acids, located between nucleotide 115 and 1503. 
Analysis of the -amino' adid sequence predicted by this ORF 
indicated that "this protein 'contains a putativfe signal 
sequence of approximately' 2/5 kDa and 25' amino acids. This 
could result in a mature protein of approximately 47 kDa 
and 438 amino acids as indicated by prior Western blot 
analysis. This ORF was designatied hin4J7. The expression 
of the Hih4 7 protein was similar irrespective of the 
orientation of the gene with resptact to the beta- ^ 
galactosidase promoter contained in pSK(-^) , indicating this 
protein 'is expressed in E, coH linder its own promoter. 
Membranes of coli clones that expressed this protein 
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were compared vi^r the membranes of coli - tiha;t^:.did .not 
express this protein a tEiqure 6) . The, binding, curves, f pr 
both membranes cpreparationsodemonstrate that this protein 
confers upon E w- i ool i ..the > abilityy to , bind te^it^, thte^ yj^ceptor 
vith high .affinity y^r.like Haemophilus ^ . t. :< > . 

5 . The- Hin47 adhesin ifK '^^yM: protein • series 
of major integral membraneopr^ characterized 
by several: investigators^ (6onzalesvet,?aJL. .r^ Jnfect, Immun> . 
55:2993-3000 (1987) yr inoprpora ted; bf^rein by^: r^efeyience) . 
These include^ Pl^ which / is approximately 43 kDa,, apd. F6 , 
which is approximately;^ 18- kDa.: Jhej Hin4i7j, adhes.in wafe> 
analyzed to insixre that itc was; npt any, of .t^ 
characterized proteinsfcc c Osiing an . coli ^ doner vtbat- ,:r, 
expressed PI oriP6, neither clciie. reacted; with. cHi)>. , 
demonstrating that this antibody T does not:.i:ecpgnize either 
of these proteins ^ Additionally., ^«ince the PI prote.iix. is 
similar in size to the Hin47 adhesin, we demonstrated by 
heat modification that the Hin47 adhesin was .not Pl> ,c: The 
E. coli which expressed PI was separated by SD&-PAGE (after 
treatment at room^ temperature . or , 10 0 '-C . . tPl. has .preyio**sly 
been shown to be heatm^ etal.)- After 
treatment at 100 'C, the protein migrates at about 43 kpa,:r 
while after treatment at room, temperature, P\; migratesc at 
about 32 kDa. The Jiin47 protein was shown,. not to be heat, 
modifiable. A comparison of , the sequence of ;the 2,.4 .l^ase 
Pst 1 to BamHl fragment of pMC102 confirmed, that liAn42 lias 
no homology with the gene that enqodes PI. . 

6. Purification of /the Hin47 adhesin. . The Hin47 
protein was purified to homogeneity using the monoclonala:. 
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antibody Jlib 43^caB t«n iinBunoabsorbent according to Krivan v: 
et al., iEnf , *a7id<ntantm >. yi.'55s.l873-18X7 <^a387);:*;: i Brief iy> ^ 
antibody .was coupled- to 'cyanogen act rvatoed ^pharose-4CL 
beads ( Pharmacia ) according to 'the^ wamifactarer ' s o - r 
recommendation'. ^ A >4 ml coHflnn eontaiiiing 'about mgof^ 
coupled antibody was msed.^^^ 'i^e^'^iJi47^^pi70t;efi^ wa« = produced 
by XL-l/pMClOl grown to stationary phase "^in <art4 I> culture.* 
in Luria Broth, : The cells: iwere pei^leted^ by- Jcentxifugation 
(12,X)00 g, ,15;i^ii^.>/>res\zspended^.in .^S,3a^ 
The sonicate was' pelleted by cexilH£ir£ugatd.«i t<d:2<>pOO x g-^ 
min) and the supeziiatant vpellet6d^^l:)y«toentrl£ugatlon^^ 
(1000,000 X' g^ The ccesul^ membrane pellet was 

resuspended in 0.5% octylglucopyranoside (Sigma Chemical) 
and pelleted by centrifugation (100,000 x g, 1 h) • The 
supernatant was exhaustively dialyzed against 50 mM Tris, 
pH 8.5 and applied to a DEAE-sepharose column (Sigma 
Chemical) . A fraction containing Hin47 was eluted from 
the coli2mn using 125 mM NaCl, 50 mM Tris, pH 8.5. This 
fraction was dialyzed against PBS, then applied to the 
antibody column. The column was then washed with PBS, and 
bound protein was eluted with 100 mM glycine, pH 2.8 and 
immediately neutralized. This material was dialyzed 
against PBS and analyzed by separation on SDS-PAGE. The 
gel was stained by silver (Biorad) . The Hin47 protein 
appeared as a single species, indicating purification to 
homogeneity. 

7. Conservation of the Hin47 adhesin with the 
Haemophilus influenza serotype. The conservation within 
the Haemophilus influenza species and genus was analyzed 
using Western blotting of whole cells and Southern blotting 
using DNA isolated from whole cells. Table 5 contains the 
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results obtained from this study. Seven non typable H. 
influenza strains, three serotype b strains and three 
clinical H. influenza strains that have not been typed all 
reacted with a monoclonal antibody (Hib 43) specific for 
that 47 kDa Hin47. The DNA from all these strains also 
hybridized with a DNA probe of the entire hin47 gene. This 
hybridization was found at high stingency levels (less than 
5% mismatch) which confirmed that strong conservation of 
this gene within the H. influenza genus. A second measure 
of the close relationship between these sequences was 
demonstrated by PCR analysis. Primers that hybrized with 
the Immediate 5' and 3' regions were able to amplify a DNA 
fragment from each strain that was identical In size to the 
hln47 gene from strain ATCC 9795, the strain that was used 
to originally clone hin47 . The PCR analysis was performed 
using GeneAmp-PCR kit with AmpllTaq® brand Taq-polymerase 
(Perkln-Elmer Cetus) . 

EXAIIPLE 5 

Coupling Synthetic PR? to Protein 

Using the Oligomers of Compound 14 

A solution of human serum albumin (41 mg, 1.0 
mlcro*mol) in phosphate buffer (0.1 M, pH 8.0, 1.5 ml) was 
mixed with a solution of Compound 14 (40 mlcro-mol) , then, 
after 1 hr., sodium cyanoborohydrlde (26 mg, 410 mlcro-mol) 
was added. The mixture was gently stirred at 37 *C for 4 
days, then ultraf lltrated, diluted with water, and 
ultraf lltrated again. The retained material was 
lyophllized and purified by gel filtration on Bio-Gel P4. 



1 
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The appropriate fractions were collected and lyophilized. 
The degree of functionalization (as haptens/protein 
molecule) was estimated by a combination of Lowry protein 
determination and orcinol ribose determination. Generally^ 
a value of 5-10 haptens/protein molecule was obtained. 

Using Oligomers of Compound 16 

A solution of- Compound 16 (100. micro-mol) in a 
mixture of aqueous sodium hydroxide (0.5 6.0 ml) , 
ethanol (4.0 ml), and acetic'acid (180 micrSlltersO was 
stirred while thiophosgene (30 microliters) was added. 
After 10 min., the mixture was partitioned between ethyl 
acetate and water, the aqueous phase was concentrated to 
half the volume and added to a solution of human serum 
albumin (164 mg, 4.0 micro-mol) in borate iDuffer (O.IM, pH 
9.3, 6 ml). The pH was adjusted to 9.5 and the mixture was 
gently stirred overnight at room temperature, then 
ultrafiltrated, diluted with water, and ultraf iltrated 
again. The retained material was lyophilized and purified 
by gel filtration on Bio-Gel P4 . The appropriate fractions 
were collected and lyophilized. The degree of 
functionalization (as haptens/protein molecule) was 
estimated by a combination of Lowry protein determination 
and orcinol ribose determination. Generally, a value of 
10-20 haptens/protein molecule was obtained. 

EXAMPLE 6 



Comparison of the deduced amino acid sequence of Hin47 from 
H, influenzae type b strain 9795 and five phvlogeneticallv 
diverse non-tvoable strains 
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A candidate subunit vaccine for otitis media must 
be highly consei^ed between the commonly isolated strains 
of non-typable E*^ influenzae . To assess the conservation 
of Hin47 in non-typable Hj^. influenzae at the amino acid 
level, the hin47 genes from five phylogenetically diverse 
strains (Musser et al., Infection and Immunity . 52:183-191. 
(1986), incorporated herein by reference) were cloned by 
polymerase chain reaction (PGR) methods • DNA from each 
strain was used for amplification with a primer 5' and a 
primer 3' to the structural hin47 gene. See Hinf3 and 
Hinf4 on Figures 7A and' 7B/~*hTB^ l^ was 
performed using an Amplitag DNA amplification kit (Perkin 
Elmer Cetus, Norwalk, Conn.) by the methods provided by the 
manufacturer. Each amplified gene was cloned into the PGR 
cloning vector PGR II (Invitrogen, San. Diego, CA) according 
to the manufacturer's methods and subsequently subjected to 
DNA sequence analysis. The sequence analysis was performed 
using the dideoxy double stranded sequencing method of 
Sanger et al., Science, 214:12,05-1210 (1981) , incorporated 
herein by reference, with the Sequenase ® brand of DNA 
polymerase (U.S. Biochemicals) . The deduced Hin47 amino 
acid sequences obtained from each hin4y aene are compared 
in Figure 8. Table 6 siimmarizes the results from this 
comparison. All non-typable hin47 genes were extremely 
highly conserved. These results strongly suggest that 
immunity against Hin47 expressed by the gene from one 
strain would protect against challenge from all H. 
influenzae strains. 
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Animal studies to evaluate Hin47 as a subunit vaccine 

A candidate subunit vaccine must be strongly im- 
munogenic and have the ability to, jgenerate a protective 
immune response. Several animal experiments were performed 
to assess these properties for Hin47. 

Immunogenicity studies were performed in Balb/c 
mice to assess the. IgG response to various doses of 
purified Hin47 protein. Animals received three injections 
of antigen in the presence of aluminum phosphate as an 
adjuvant. Anti-Hin 47 IgG titers were determined by an 
enzyme immunoassay using purified Hin47 as the detecting 
antigen. These results are sxanmarized in Table 7. The 
minimum challenge dose of 1 ug per injection of protein 
elicited a strong IgG response in mice. These data 
demonstrate the highly immunogenic nature of Hin47. 

The protective activity of anti-Hin47 antibodies in 
an infant rat model of influenza -mediated bacteremia was 
used as one measure of the ability of Hin47 to act as a 
protective antigen. The methodology was that Moxon et al., 
J. Infectious Di seases, 129:154-162 (1974) and Loeb, 
Infection and Immunity. 55:2612-2618 (1987), both of which 
are incorporated by reference. Rabbit anti-Hin47 antiserum 
was generated by immunizing a rabbit with 3 doses of 100 ug 
of purified Hin47 in the presence of complete Freund's 
adjuvant on day 1 and in the presence of incomplete 
Preiind's adjuvant on day 28 and 42. The resultant 
antisera was shown not to possess significant antibody 
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against the previously demonstrated- protective epitopes 
expressed by influenzae (PI, P2 , and P6 proteins and 
polyribitol phosphate) . Groups of five 5-day old infant 
rats were injected subcutaneously> with either ^ rabbit >^nti- 
Hin47 antibody, prebleed serum, or saline. After 24 hours, 
the infant rats were challenged with 200 colony forming 
units (CFU) of the virulent Hj. influenzae Minn A strain 
(Munson and Grass, Infection and Immunity . 56:2235-2242 
(1988), incorporated herein by reference) by 
intraperitoneal injection* The results from these 
experiments are summarized in Table 8. The results are 
expressed as the average CFU/ 0.1 ml of blood for each 
group of animals, the nxunber of animals with bacteremia in 
each group, and the percentage of. bacteremia compared to 
the saline control. Animals receiving Hin47 -specific 
antibodies were significantly reduced in bacteremia, and 3 
of 5 animals had no detectable organisms in their blood. 

The second animal disease model used to assess the 
efficacy of Hin47 as a vaccine candidate was the chincilla 
otitus media model . The methodology wa« that Bakaletz et 
al.. Infection and Immunity . 57:3226-3229 (1989)% 
incorporated herein by reference. Chincilla were immunized 
with three doses (50 ug per dose) of Hin47 protein in the 
presence of complete Freund's adjuvant on day 1, and in the 
presence of incomplete Freund's adjunvant on day 28 and 42. 
Two control animals were injected with saline. On day 47, 
the chincillas were challenged with 2,000 CFU of a non- 
typable H. influenzae strain designated strain 12. Ear 
infection was monitored by otoscopic examination and 
tympanometry on day 1, 2, and 6 postr- infection. Fluid was 
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collected through epitympanic bulla by injecting 0.2 ml of 
saline into the middle ear cavity and then aspirating the 
fluid. The fluid was plated on chocolate agar plates and 
incubated at '37-*C--overni^ht • — ^Positive--eontr©i-prot^t-ion~- 
animals were either an animal that had recovered from ah 
ear infection or animals that were immunized with heat^ 
killed strain 12 -whole cell«^— The-^esxxl-ts -are - summarized-, 
in Table 9. Two of four Hin47-immunized animals were 
negative by typanogram analysis and had significantly 
reduced bacteremia at day 2. These data suggest that Hin47 
has protective value in the active protection chincilla 
model for human otitus media. 
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TABLE 1: PREPARATION OF MONOMERS FOR SOUD PHASE SYNTHESIS 

OF FRF FRAGMENTS 




Monomer for chain initiation 
in solid phase synthesis 



Monomer for chain elongation 
in soUd phase synthesis 



I 
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TABLE 2: PREPARATION OF SPACER-CONTAINING MONOMERS FOR 
CHAIN TERMINATION IN THE SOLID PHASE SYNTHESIS 



EnO 



BnO 
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o- 



Monpmers for chain, ter^iination 
in solid rphase synthesis' * 



(11) 




(12) 



wo 94/00149 



-90- 



PCr/US93706«16 



TABLE3: PLIGOMERSpBTAINEDArrpiCOMPLEnEDSOLID.PHASESYhfrHESIS 



• -^^rii. n^.- i-r 
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TABLE 4: STRUCTURE OFCONJUGATES BETWEEN^YNTHETie PRP FRAGMENT 

AND ADHESIN FRbTEIN. 




(18) 
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Table 6: Conversation of' Hin47-'amoW'' Haeinop^ influenzae 



.•»trr V*..-. >-!_-v .i-iv 



...i*. vfi.i .vsr Ua^ -vrri v-av 



Strain 



Type Nucleotide 
Wf rt-e ^iv ATo lUy -homtfJogy ' 



Amino acids 
' homology 



9795 
1161 
3690 
1636 
9333 
3639 



b 

NT 
NT 

NT. 
NT 



M: t? v»j.> 

100 

99.8 
99.7.- 
95.0 

... . 94.6,^.. ,-,=,,. 



100 

100 

100 

99.8 

98.0 

98.0 



Table 



i'-u V ^■•jj. 'rnr >f^.y rf ;.v 



7: Anti-Hin47 IgG titers in murine "^s era ^d^ by 
EIAs. 



.>r r»n7- .--.ji. 



Dose of 
Hin47 (fig) 


REACnVE TITERS 


Prebleed 


Bleed 1 


Bleed 2 


Bleed 3 


Bleed 4 


0 


<200 


<200 


<200 


<200 


<200 


. 1 


<200 


12,800 


43,520 


696,320 


819,200 


3 


<200 


28,160 


81,920 


696.320 


819,200 


10 


<200 


20,480 


112,640 


1,187,840 


2,293,760 


15 


<200 


. 74,240 


143,360 


1,187.840 


2,785,280 
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Table 8: Protective activity of anti-Hin47 antibodies in the 
infant rat. model. 



IMMUNOGEN 


cfu/0.1 ml blood 
(# of animals with bacteremia/Total « of animals). 


% OF CONTROL 

.V . : •• 


Anti-Hin47 Ab 


1.560 (2/5) 


10 


Prebleed 


- 17,040(5/5) 


110 


Saline 


15,440 (5/5) 


100 



Table 9: Protective Ability of Hin47 Against Non-Typeable IL. 
influenzae Infection in Chinchillas 



Chinchilla 


Immunogen 


Middle ear infection 


(#) 




Day 2 


Day 6 




Tympanogram 


Bacteria 


Tympanogram 








cfu/0.1 niL 
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Heat-inactivated 
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16 


strain 12 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANT: MicroCarb Inc. 



(ii) TITLE OF INVENTION: Adhesin-Oligosaccharide Conjugate 
Vaccine for Haemophilus Influenzae 

(111) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDratt"XbbRESSl ' ' ■ ' = 

..... XMuADDRE?^EE:,-, ..P^mie^^ 

(B) STREET: "1155 Avenue c£ tte ^Americas " ' ' • 

'* (C) XITY: Mew York lirij^-rziiiva'^. ^r.r -^r..^- 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) 2IPr 100Q6,, . . _ ^ . _ ^ 

. (V). .COMPUTgR READABLE FOJ^^V-c n,^ mv ot-^n ... , v . . ... .- 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC jconpatlble 

(C) OPERATING SYSTEM: PC-DOS/MS-OOS 

(D) SOFTWARE: PatentIn Release |1«0/ Version 11.25 

(vl) CURRENT APPLICATION DATA: 

(A) APPLICATION- NUMBER: r US .07/99t3^Q7-9. t , 

(B) FILING DATE: 22-JUN-1992 " 
■ (C) -CLASSIFICATION : ^ V- rr^ u ■• 

(Vll) PRIOR AI>PLICATION %AtAr ' 

(A) APPLICATION NUMBER: US 07/810; 966 

(B) FILING DATE: 20-DEC-X991 

:.''iL}c. ' c . '* i'j'.'.iy ( t. • - t i-i f ? . . 
(vll) PRIOR APPLICATION DATA: 

^ (A)' XJ^PLICXTION NUMBER:' US * 07/631 , 698 
(B) FILING DATE: 21-DEC-1990 

(vUl) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: GeraldiJie F, Baldwin 

(B) REGISTRATION NUMBER: 31,232 

(C) REFERENCE/DOCKET NUMBER; 7969-002 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212) 7909090 

(B) TELEFAX: (212) 86^-6864/9741 



SUBSTITUTE SHEET 
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(2) IKFORMATION FOR SEQ ZD NO:X: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEHGTH: 1611 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOXXXSY: linear 

( ii ) MOLECULE TYPE : ONA (genomic) ^ - ^ : ^ ^ ^ ^ --^ 
(iiir MYpbTKE*ri<iiA^ . ::.■=>..' 'i^ l- ^ - :u H 

■• (W^JUrri-^^NkrNO^'^^ ^^^^ ^ ' : .:--c.i..em.. cr^rt.ar .•ov:.a:oo 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION^ >ia5,ia5pii:i:xueAisae 'mneis:;!. ^rrn:j;;.j i:. 

(Xi) SEQUENCE DESCRIPTION:' SEQ ID NO:l: 
TTGTACTCCT CpCykXl^XCCX ^^^fx f'^^WB^. "?"u^J;c: 

TTTTATTTTT TTGTCTTACA CACCACGTT\.TCroAAATrT, ATTTOKSAGT ATTT ATG , 117 

Met' " " 
1 

AAA AAA ACA CCT TTT CTA TTA AAT ACT ATT CCA CTT GGA TTA ACT GTA 165 
Lys Lys Thr Arg Phe Val Leu Asn Ser He Ala Leu Gly Leu Ser Val 

5 10t^..^. wil -.i . 15. f^\r J> 

TTA AGC ACA TCA^TTT* CTT GCT CAA <;CC ACT TTC ^CCA ACT TTT GTT TOG r 213 
Leu Ser Thr Ser Phe Val Ala Gin Ala Thr Leu Pro Ser Phe Val Ser 

GAA CAA AAC AGT CTT 6CA CCG ATG TTA GAA AAA GTA CAA CCT GCC GTT 261 
Glu Gin Asn Ser Leu Ala Pro Met Leu Glu Lys Val. Gin. Pro Ala Val^ , , , 
35 40 45 

CTC ACT CTT TCC GTT GAA GGA AAA CCT AAA GTA CAT TCT CGT TCT CCT 309 
Val Thr Leu Ser Val Glu Gly Lys Ala Lys Val Asp Ser Arg Ser Pro 
50 55 60 65 

TPC CTA GAC GAT ATT CCT GAA GAA TTT AAA TTC TTC TTT GCC GAT CGT 357 
Phe Leu Asp Asp He Pro Glu Glu Phe Lyis'^Phe Phe Ph^ Gly . Asp Arg ^ 

70.,.. . .-.7?;....^. -.-.v:.-:. , .•■ 

TTT GCC GAA CAA TTT GGT GGA CGT GGA GAG TCA AAG CCT AAC TTC CGT 405 
Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe Arg 
85 90 95 




SUBSTITUTE SHEET 



wo 94/00149 



-97- 



PCT/US93/06016 



GGT TTA GGT TCT GGT GTC ATT ATT AAT CCA AGC AAA GGC TAT GTT TTA 
Gly Leu Gly Ser Gly Val lie He Asn Ala Set Lys Gly Tyr Val leu 
100 105 110 



453 



AGO AAT AAT CAT GTT ATT GAT GGA GCT GAT AAA ATT ACC GTG CAA TTA 
Thr Asn Asn His Val He Asp Gly Ala Asp Lys He Thr Val Gin Leu 
115 120 125 



501 



CAA GAT GGG CGT GAA TTT AAA GCA AAA TTA GTC GGT AAA GAT GAA CAA 549 
Gin Asp Gly Arg Glu Pbe Lys Ala Lys Leu Val^ Gly vLys ^Asp Glu Gin 
130 135 140 145 

TCA GAT ATT GCA TTA GTA CA6 CTT GAA AAA CCA ACT AAT TTA ACA GAA 597 
Ser Asp He Ala Leu Val Gin Leu Glu Lys Pro Ser Asn Leu Thr Glu 

150^^^ 155 -.r,,, ... 160 ..^ 

ATC AAA TTT GCT GAT TCC GAC AAA - TTA CGC CTf GGC GAT TTC ACT CTT 645 
He Lys Phe Ala Aisp Ser Asp Lys Leu Arg Val Gly Asp Phe Thr Val 
^^ .1 165. ;:»v:r --v • i ^ :170 .a. i vi- i : - ^^-rXJS 

GCA ATC CGT AAT CCA TTT «GT TTA GGT CAA ACT GTG ACA TCA GCT ^ATT 693 
Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly He 

GTT TCT CCA TTC CGT CGT T» ACA'^GCT TCT GAC AWCGC ACfT^AT GAA 741 
Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr Glu 
195 200 205 

AAC TAT ATT CAA ACC GAt CCA CCiX CTA' AAC 'c6C GdT AAT TCG GGT GGT*' ^789 
Asn Tyr He Gin. Thr Asp^AiLa Ala Val Asn Arg ciy Asiic^er Cly Gly 
210 215 220 225 



GCA TTA GTC AAT CTA AAT GGC GAA CTT ATT GGA ATT AAT ACC GCA ATT 
Ala Leu Val Asn Leu Asn Gly Glu Leu He :Gly He Asn Thr Ala He 
230 235 240 



837 



ATT TCT CCA AGC GGT CGC AAT GCA GGA ATT GCC TTT GCG ATT CCA ACT 885 
He Ser Pro Ser Gly Gly Alsn Ala 61y^ He Ala Phe Ala lie Pro Ser" 

245 . ^ ^ ..... 250 . ...^ . _ 255 

AAT CAA GCG AGC AAT TTA GTG CAA CAA ATT TTA. GAA TTT.GGT. CAA. GTC . • 933 
Asn Gin Ala Ser Aisn Leu Val Gin Gin lie Leu Glu Phe Gly Gin Val 

260 - 265 ^ r'u: 270::.::^. 



CGT CGC GGA TTC CTT GGT ATT AAA GCG GGC GAA CTC AAT GCT <»T TTA * 981 
Ar^ Arg Gly Leu Leu Gly He Lys Gly Gly Glu Leu Asn Ala Asp Leu 

275 280 285-" " ^ 

GCC AAA GCC TIT AAT GTA AGC GCG CAA CAA GGT GCA TTT GTA ACT GAA 1029 
Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser Glu 
290 295 300 305 
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GTT GTA CCG AAA TCT CCT CCT CAA AAA CCA CCA 
Val Val Pr tys Set Ala Ala Glu Lys Ala Gly 
310 315 

ATT ATC ACG GCG ATG AAC GGT CAA AAA ATC TCA 
Zle Zle Thr Ala Mat Asn Gly Gin Lys lie Ser 
325 330 

CGT GCA AAA ATC GCA ACC ACT GGT GCA GGC AAA 
Arg Ala Lys lie Ala Thr Thr Gly Ala Gly Lya 

340 ■ ■ ' ^..345,^cv: jj. ■._:j_,rj. 

TAC TTA CGT SAT GGC vAAA TCC CAC QAC CTT^AAA 
Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys 
355 360 



CTT AAA GCG GGC GAT 1077 
Leu Lys Ala Gly Asp 
320 

ACT TTC GCT GAA ATT 1125 
Ser Phe Ala Glu lie 
335 

GAG ATT AGC TTG ACT 1173 
Glu lie Ser Leu Thr 

♦ ATQi AAA TTA CAA ^CC ^ .1221 
Met Lys Leu Gin Ala 
365 



GAT GAT GGT AGC CAA CTT TCC TCA AAA ACT GAG 
Asp Asp Gly Ser Gin Leu. Ser Ser Lys Thr Glu 
370 375 ' 380 



GGC GCA ACA 
Gly A1&; Thr 



ATC ACA AAA 

He Thr Lys 



TCC GGC GAT 
Ser Gly Asp 
420 



TTG AAA GAC 

Leu Lyj^rAsp^ 
390 ' ■ 

ATT CAA CCT 
^Ile ato Pro 
405 

ATT ATT ATT 
lie lie iW 



TAC GAT 
Tyr Asp 

AAT TCG 
Asn Ser 



GGT ATT 
Gly lie 
425 



-^CT^AAA^GC 
Ala Lys Gly 
395 

CTG GCT GCA 
Leu Ala Ala 
410 

AAT CGT CAA 
Asn Arg Gin 



CGT GAA TTA AAT AAA GTG CTT GAA ACT GAA CCG 
Arg Glu Leu Asn Lys Val Leu GlU Thr Glu Pro 



435 



440 



TTG CCT CCA TTA GAT 
Leu Pro Ala Leu Asp 

GTT ^AAA CGA ATT GAA 
Val Lys Gly He Glu 
400 

'caa'cgt ckst'tt'a 'Xaa' '"'^ 
CI n Arg Gly ^Leu Lys-. 
415 

ATC ATC GAA AAC ATT 
Met Xle-Glu Asn Zle 
430 

TCA GCA GTT GCA CTT 
Ser Ala Val Ala Leu 
.445. ..... ... 



AAT ATT TTA CGA GGT CAC AGT AAT. TTC TAT TTA TTA GTG CAA 
Asn lie Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin' 
450 .455i ; v 460 



TAATCT6CTT GATATATTTA AGAAAAAAGT CCGATCACAA TGATCCGCTT CTTTTTATGC 
AGCAATCGTT CTTAACAAAT CCACCACAAA TTCTAACCGC ACTTTGTT 



(2) INFORMATION FOR.. SEQ ID N0:2r 

(1) SEQUENCE CHARXCTERISTICS: 

(A) LENGTH: 463 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY; linear 



1269 



1317 



1365 



1413 



1461 

i 

1563 
1611 



(ii) MOLECUU TYPE: protein 
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(Xi) SEQUEKCE DESCRIPTION: SEQ ID N0:2: 

Met Lys Lys Thr Arg Phe Val Leu' Asn Ser He Ala Leu Gly Leu Ser 
1 5 10 15 

Val Leu ser Thr Ser Phe val Ala Gin Ala Thr lieu Pro ser Phe Val 
20 25 30 

Ser Glu Gin Asn Ser Leu Ala Pro Met Leu Glu Lys Val Gin Pro Ala 
35 40 45 

Val Val Thr Leu Ser Val Glu Gly Lys Ala Lys Val Asp Ser Arg Ser 

50 ^- - 55-^^^' '.^ ...... :.vr:-r 50 . = - • 

Pro Phe Leu Asp Asp lie 0^ IJlu Glu' The* Lys t>he^Phe Phe' Gly" Asp' " 

65 ^ Ip , ..,,.,....,.,.,75. 

Arg Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe 
85 90 95 

Arg Gly Leu Gly Ser Gly Val lie lie Asn Ala Ser Lys Gly Tyr Val 

100 . . ■-. 105.^ -.'^O;..^^?:...- • -..iilM; V: ■ ' V. ^J. 

Leu Thr Asn Asn His Val Zl«' A^> Gly Alar > Asp Lys Il^e -llif^Val Gin 
115 _ ^ 120 ^, 125 . 

Leu Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val Gly Lys Asp Glu 

130 'i35"*"^" •'• ±40 -^•■J^---"^ ■ 

Gin Ser Asp lie Aia^tiu 'Val Gin Leu Glu Lys Pro Ser Asn Leu Thr 
145 150 155 160 

Glu He Lys Phe Ala Asp Ser . Asp Lys. Leii Arg Val Olyc Asp Phe Thr . i 
165 170 175 

Val Ala He Gly ksn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly 
ISO.- '-i- vy. 135'..:.,...-, n^i.^ 

He Val Ser Ala Leu'Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr ^ 
195 200 205, 

Glu Asn Tyr He ' Gin . Thr Asp Ala Ala Val. Asn Arg Gly. Asn ^er Gly 
210 215 ' ' 220 

Gly Ala Leu Val Asn Leu Asn Gly Glu Leu He Gly He Asn Thr Ala 
225 230 235 240 

He He Ser Pro Ser Gly Gly Asn Ala Gly He Ala Phe. Ala XU Pro^^ 
245 250 255 

Ser Asn Gin Ala Ser Asn Leu Val Gin Gin He Leu Glu Phe Gly Gin 
260 265 270 
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Val Arg Arg Gly Leu Leu Gly lie Lys Gly Gly Glu Leu Asn Ala Asp 
275 280 265 

Leu Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser 
290 295 300 

Glu Val Val Pro Lys Ser Ala Ala Glu Lys Ala Gly Leu Lys Ala Gly 
305 310 315 320 



Asp lie He Thr Ala Met Asn Gly Gin Lys He Ser Ser Phe Ala Glu 

325 .330-. , . ,335 

He Arg Ala Lys He Ala Thr Thr Gly >la Gly Lys Glir ^le Ser Leu 
340 345 350 

Thr Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys Met Lys Leu Gin 

355 - 360 ' ^-^ • •••'3€5 "'--' r 

Ala Asp Asp Gly Ser Gin Ijeu Ser Ser Lys Thr Glu Xjeu Pro Ala Leu 
370 375 380 

Asp Gly Ala Thr Leu Lys Asp Tyr Asp Ala. Lys Gly Val ; Lys Gly . He 
385 390 395 400 

Glu He Thr Lys He Gin Pro Asn Ser Leu Ala Ala Gin Arg Gly Leu 
405 410 415 

Lys Ser Gly Asp He He He Gly He Asn Arg Gin Met He Glu Asn 
420 425 430 

He Arg Glu Leu Asn Lys Val Leu Glu Thr Glu Pro Ser Ala Val Ala 
435 440 445 



Leu Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 
450 455 460 
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WE CIAIM : 



1, An iaunundgenic oligosaccharide-protein 
conjugate comprising a polyribosylribotol. phosphate (PRP) 
fragment coupled to an H, influenzae adhesin protein. 

2. The conjugate .of claim 1 wherein said protein 
is an H, influenzae outer membrane protein with a molecular 
weight of about 47,000 daltons. 



3. The conjugate of claim 1 wherein said 

o>:>><j«if:>j.:: ollgosaccharide is bound to a polypeptide that contains an 

active site of said adhesin, pfotjqf in. . - 

4. An immunogenic oligosacch^rlf^je-protein 
conjugate represented by the formula: 



O OH L-O— P— J o OH 
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Where in is 1-30, n is 2-30, R is (CH2)pCH2NH or 
(CH2CH20)pCH2CH2NHCSNH where p is 1-3, and X is an IL. 
influenzae adhesin protein or fragment thereof containing 
an active site of said protein, 

5. A purified H, influenzae adhesin protein. 

6. The protein of claim 5 wherein said protein 
binds to a receptor for said protein selected from the 
group consisting of fucosylasialo-GMl, asialo-GMl, and 
asialo-6H2 • 

7. The protein of claim 6 wherein said protein is 
an H> influenzae outer meiibrane protein with a molecular 
weight of about 47,000 daltons. 

8. The protein of claim 7 wherein said protein 
comprises the amino acids designated 26 to 463 in Figures 
7A and 7B, 

9. A purified polypeptide that is a fragment of 
the protein of claim 5, said fragment containing an active 
site. 

10. A method for producing a purified H. 
influenzae adhesin protein comprising the steps of: 



solubilizing the membranes of H. influenzae 
bacteria, thereby producing solubilized material containing 
said adhesin protein and insoluble material; 
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separating said s'olii]5iiized'inateri&l~ fron said 
insoluble material; 

contacting said solubilized material with a recep- 
tor for said adhesin protein'seli^^ted frbin the group 
consisting of fucbsylasiaio-GMl/ asiai^^^ and asialo- 

GM2, wherein said receptor is attached to an insoluble 
solid support, for a period of time sufficient for said 
adhesin protein to bind to said receptor; and 

removing said protein from said receptor, thereby 
recovering said adhesin protein in purified form. 

11. A method for producing a purified IL. 
influenzae adhesin protein comprising the steps of: 

extracting H. influenzae bacteria membranes 
with a solution that removes membrane associated proteins 
to produce an extract containing said adhesin protein; 

separating the supernatant containing said 
adhesin proteiri from the solid mat;eri^l in said extract;- 

contacting said supernatant with a monoclonal 
antibody to said adhesin protein, wherein said antibody is 
bound to an insoluble solid support, for a period of time 
sufficient for said adhesin protein to bind to said 
monoclonal antibody; and 

removing said adhesin protein from said - 
antibody, thereby recovering said adhesin protein in 
purified form. 

12. An isolated or substantially purified DNA 
sequence encoding an H. influenzae adhesin protein. 
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13* The DNA sequence of clain 12 wherein sal4 
sequence comprises the nucleotides designa^ted "^115-^1503 in 

Figures ■7Alfina^^7B^.-"i*-^ .= -e.^ rlCXU 

14. A method f or produclrig-a&i IsoDated DNA ' - • 
sequence encodincr ian H. influenzae adhesin protein 
comprising the^"6teps of - .c^n^: (^*^ u^, ^-c:-^.vj„> .-^ijw- 

screening a genomic library containing the DNA 
of H. influenzae , said library comprising clones which 
contain different sequences of said 'DNA' been* operal>ly 
and recoverably inserted into ' a vector^^ eadh -of - said ' - - 
vectors containing only-one sequence of saiti DNA, by - -^ 
contacting the clones comprising said library with a - 
monoclonal antibody to said adhesin protein or a receptor 
for said adhesin protein to identify a clone that binds to 
said antibodies or said receptorT arid ' 

isolating said elonBi-^ ' . : ^ ) 

15. The method of claim 14 further comprising the 
step of recovering the exogenous DNA sequence, from said 
clone. ^ • ■ '--'^^ 



16. An isolated or substantially purified DNA 
sequence encoding the purified polypeptide of claim 9. 

17. ' An isolated or substantially purified DNA 
sequence derived from the DNA sequence of claim 12 by 
single or multiple mutations, wherein said DNA sequence 
encodes a protein or polypeptide that is immunologically 
cross-reactive with the protein of claim 5. 
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18 - A DMA -sequeiiGe^ that hybridises wi^ the DNA 
sequence of claim 17 under conditions of high stringency, 
wherein said DNA sequence encodes a protein or polypeptide 
that is immunologically cross-reactive with the protein of 
claim 5. r-uKj^i^r .-.r -a'^..-;- . :r . 

19 J A ^eeombinant DNA sequence roomprd sing the DNA: 
sequence of claim 12 operably linked to appropriate 
regulatory control nucleic acid sequences that are capable 
of effecting the expression of said DNA sequence in a 
transformed host cell. 

20. An expression vector for expressing DNA that 
encodes an H. influenzae adhesin protein in a compatible 
host cell comprising an expression vector capable of 
transforming a procaryotic or eucaryotic cell wherein the 
DNA of claim 19 has been inserted into said vector in 
proper orientation and correct reading frame for 
expression. 

21. A host cell transformed with the recombinant 
DNA sequence of claim 19. 

22. The recombinant protein produced by the 
transformed cell of claim .21. 

23. A method for producing an H. influenzae 
adhesin protein comprising the steps of: 

culturing host cells transformed by a 
recombinant DNA sequence comprising a DNA sequence that 
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codes for an H. influenzae adhesin protein operably linked 
to appropriate regulatory control nucleic acid sequences 
that are capable of effecting the expression of said DNA 
sequence in said transformed cells; and 

recovering the protein whose expression has 
been coded for by said sequence. 

24. A synthetic PRP oligosaccharide represented by 
the formula: 




where n is an integer from 2 to 30 and is (CH2)pCH0 or 
(CH2CH20)pCH2CH2NH2 where p is an integer from 1-3. 
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25. A com] 



ipound represented by the formula: 




Where n is an integer from 2 to ^O^ Bn is benzyl -d f is 
CCH.)pCH(OK3)3 or (CH.CH.O)pCH.CH.K^ where P .^H 
an alkyl group 1-4 carbons xn length, and R i 
that can be converted into an amino group. 

26. A method for preparing the compound of claim 
25 comprising the steps of: 

(a) coupling to a solid phase a compound 
represented by the formula: 
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wherein Bn is benzyl and MMTr is nononethoxylbrityl ; 

(b) detritylating said compound; 

(c) coupling said detritylated compound with a', 
compound represented by the formula: 




wherein Bn is benzyl and MMTr is monomethoxytrityl ; 
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(d) detritylatlng the compound resulting from step 

(c) ; 

(e) repeating steps (c) and (d) n*2 times; 

(f) coupling the compound resulting from step (e) 
with a compound represented by the formula: 




wherein Bn is benzyl and r2 is (CH2)pCH(0R^) 2 or 
(CH2CH20)pCH2CH2R^ where p is 1-3, r3 is an alkyl group 1-4 
carbons in length, and R^ is a group that can be converted 
into an amino group; 

(g) oxidizing the phosphonate groups of the 
resulting compound to form phosphate groups; and 

(h) removing the resulting compound from said 
solid support. 

27, A method for preparing the synthetic PRP 
oligosaccharide of claim 24 comprising the steps of: 
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hydrogenating the compound of claim 25; and 

where r2 is (CH2)pCH(OR^) 2f sxibjecting the 
hydrogenated compound to selective acid hydrolysis, 

28. A vaccine for protecting a mammal against H. 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 1 in a pharmaceutical ly accept- 
able carrier. 

29. A vaccine for protecting a mammal against H. 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 4 in a pharmaceutically accept- 
able carrier wherein n iand p are the same for all of said 
conjugates. 

30. A vaccine for protecting a mammal against H. 
influenzae comprising an immunologically effective amount 
of the protein of claim 5 in a pharmaceutically acceptable 
carrier. 

31. An immunogenic polypeptide comprising a fusion 
protein containing an H. influenzae adhesin protein. 

32. A vaccine comprising an immunologically 
effective amount of the recombinant protein of claim 22 in 
a pharmaceutically acceptable carrier. 
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33. A method of inducing an immune response to H. 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the conjugate of claim 1 
to said mammal. 

34. A method of inducing an immune response to - 
j.nf3.uenzae in a maxomal comprising administering an im- 
munologically effective amount of the protein of claim 5 to 
said mammal. 
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FIG.1 
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FIG.3 
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FIG. 4 
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<oTlg nucleotide priirer ,Hlnf3 
I 

10 20 30 40 50 I €0 70 

« « . « w • I • • 

rrc:7AC7GCTCCG A r nx. LTl l X A AACAAGAIAA n : ' ^XC I CC T C mTOMCAT I n I'll lAlTi i'l'I lU 
AACATCACCACXtAAACCAAAATTTCOTCXATtAAACCACACSACM^ 

80 90 * iOO 110 120 130 140 iSO 

9 • • » • ♦ • • 

TrACACACCACGTTATCTCAAATTTATTTTCSAGTATrrATGAAA 
AAIGlCTtSTGCAATACACmAAATAAAACCTCAlAAAlAC^^ 

MKKTRrVLKS:A> 
TRAKSXATZOH CF HIK 47 > 

<$lgnal sequence of 47)cb4 prbtelA 
I 

160 170 180 190 200 210 220 

» • • • . |» • • • 

CTTGGAnAAGTGTArTAACXJ^CATCATritrrrGCl^^ 
GAACCTAATTCACATAATTCCrrcTACTAAACAACC^CTTCK 
LGlSVLSTSFVAQArLPSFVS£QNS> 

TRAHSLATICN OF HIN 47 > 

230 240 250 2€0 270 . . 280. 290 300 

♦ • • • • • 

CTTGCACCGATOTAGAAAAAGTACAACCtGCC G TT w I CAClVimtGX T G A^S ^^ 
CAACgrKCTACAATC' llTIlC AI G TX GU ACSSCA^ 
LAPML2KVQPAVVTtSVECKAKV0S> 

TFANSIATION HIN 47 > 

310 320 330 340 . 350 360 370 

» • ♦ • » • « 

CSTTCTCCTTTCXTAGACGATAlTCCTtSAACJU^ 

GCAAGAGGAAAGSAICTSCXATAAgGA C HCH A AArrtAAGAAGAAACCCCTAgCAAAACGG L I ' lU I lA AACCA 
RSPFLDDIPEEFXFFFCDR.FAEQFO 

1BAH5LATZCH OF BIN 47 > 

380 390 400 410 420 430 440 450 

««««••«« 

GSACgTC GAgAg TC AAAG CGTAA C n CCG I ^ I r U C G rrCTC G TGTCArrAIIAATSCAAC CAAAC SCTATGTT 

GRGESKRNFRGI.^GSGVXINASKCYV> 

7RANSXATICK OF HIN 47 > 

460 470 480 490 500 510 520 

* • « « « • « 

TTAACCAAIAAICATCTTATTGATCCAGCTGATAAAATOCCGTCCAATiTC 
AATTGOTAnACTACAATAACTACCTCGACrATTTTAAIGGCACGTTAAICTOXACCC 
LTHN-HVIOGADKITVQLQDG REFKA> 

IRANSLATICN OF HIN 47 > 

530 540 550 560 570 580 590 600 

AAATTAGTCGGTAAAGATCAACAATCAGATATTCCArrAGTACAGCTOAAAAACCAACTAAT^^ 
ITTAATCACCC A l IlXlIACTOTrAGTCTAIAACGTAAICATGTCGAA CTm lU GTTCATTAAAITCTCTTrAG 
KLVGKDEQSDIAIVQLEKPSKITE I> 

TRANSIATICS OF BIN 47 > 

610 620 630 640 650 660 670 

• «•«««* 

AAAT7TGClCATrCCCACAAATTACGCGTAGGCGArr?CACTGTTCCAATCGG^ 
??TAAACGACTAAGGCXCTTXAA1GCGCATCCGCIAAAGTGACAACGTTAGCCA 
XFADSDKLRVCDFT*VXICNPFGLGO> 

TRAKSLAIIOM OF BIK 47 > 

680 690 700 710 720 730 740 750 

AClGTCACATCACCTAmTTTCTGCATrGGGTCGTT^ 
ICAaCTCTAGICCAXAACAAAGACCTAACCCACCAACITGTarAAGAClGTC^ 
TVTS.G I*VSALGRSTGSDSGTYENYI> 

TRANSLATIOK OF HIM 47 > 

CAAACC GATG CAGCAGT AAACCGggTAATCGGCTGGTGCATTAGTC^ 
CTTIWCTACCICGTCATnGGCGCCAmAGCCCACCACGTAA^ 
QTOAAVNRGNSGGALVNLKGEiIGl> 
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SUBSTITUTE SHEET 



WO94/00M9 PCT/US93/0<iO)6 

830 840 850 8(0 8J0 880 890 900 

• • • • . ♦ « ♦ » 

MTACCGCAAmTnCTCCMGCGGTaCMTCCAGGXATTOrCT^^ 

mTGGCGTTMTAAAGAGGnCGCCACCGTrACGltCTTMaXJAAACGCTAAGCn^ 

NTAIISPSGCNAGIAFXI?SNQASN> 

TRANSLATION <»• HIN 47 > 

910 920 930 940 950 960 970 

« * • « • * ♦ 

TTACTGCAACAAATTnAGAATTTGGTCAAGTCCGTCGCGCATTGCTTGGTATTAAACGGGQCGAACTC^ 
AATCACG rXOlTr AAAATCTTAAACCAGTTCACGCACCQCCTAACGAACCATAMIICtLC ac ril ^ AGTTATO 
LVQQILEFGQVRRGLIiGIKGGELNA> 

TRANSUTION OP HIN 47 / > 

980 990 XOOO 1010 1020 1030 1040 1050 

GATirAGCCAAAGCCmAATSTAAGCGCCCAACAAGGTCCATTTGTAAGTGAAGTTTTACCG^ 
CTAAATCGGTnCGGAAATTACATTCGCGCGTTGrrcXACGTAAACATTCACrrCAAAATCGCT^ 
OLAKAFNVSAQQGArVSEVLPKSAA> 

TRANSLATION OF HIN 47 > 

1060 1070 1080 1090 1100 1110 1120 

• • • « * « * 

GAAAAAGCAGGACTTAAAGCGCGCCATATTATCAO^CGATGAACGGTCAAAAAATCTCM 
CmTTCGTCCTCAATTTCGCCCGCTATAATAGTGCCGCTACTTGCCACTTTTTTAGAGTTC^^ 
E KAGIKAGDIITAMMGQKISSFAE I> 

TRANSLATION OF HIN 47 > 

1130 1140 1150 1160 1170 1160 1190 1200 

CGTGCAAAAATCGCAACCAaCCTCCAGGCAAAGAGATTAGCTrcAOTACTTACGTt;ATGGC^ 
GCAC GIlUri AGCCrrGGTGACCAC Gl C CG Tll t l C l A ATCGAACTCAATGAATarACTACCCTTTACCGTG^ 
R A K I A T T C A GXEIS LTYLRDGK SHD> 

TRANSLATION OF HIN 47 > 

1210 1220 1230 1240 1250 1260 1270 

• • • * * • • • 

GTTAAAATGAAATTACAAGCGGATGATGGTAGCCAACTTTCCTCAAAAAC^ 
CAATTnACTITAATtnTCCCCTACTACCATCGGTTGAAAGGAGTTTTTGACTCAACGGACGTAATC^ 
VKMKLQADDGSQLSSKTEL P A L D G A> 

TRANSUTION HIN 47 > 

1280 1290 1300 1310 1320 1330 1340 1350 

ACATTGAAAGACTACGATCCTAAAGGCGTTAAAGGAATTCAAATCAO^AAAATICAACCTA^ 
TGTAACTTTCTGAJGCIACGArriCCGCAATTTCCTrAACTTTAGTClTTTTAACTTOGATTAAGW 
TLKDYDAKCVKCIEITKIOPNSLAA> 

TRANSLATION OF HIN 47 > 

1360 1370 . 1380 1390 1400 1410 1420 

GTOCACCAAATmAGCCTOCTATAATAATAACC^^ 

0RGLKSCDII1GINRQMIENIRELN> 

TRANSLATION OF HIN 47 > 

1430 1440 1450 1460 1470 1480 1490 1500 

ipCACGAACTTTGACTOCCAGTCGlCAACCTGA^ 
KVLETEPSAVALNI LRGDSNFYLLV> 

TRANSLATION OF HIN 47 > 

1510 1520 1530 1540 1550 1560 1570 

* • • • % ♦ « 

CAATMTCTGCTrcATATArrrAAGAAAA^ 

GTTATTAGACGAACTATATAAATTCTTTrnCAGGCTAGTt^ 



> 



<ollgonucl€otlde primer Hlnf4 

1580 1590 1600 I 1610 

* • • I • 

^i5?5^^*CCACAAATTCTAACCCCACTTrcTT 
ATIXnTrAGGI GC l Ui Ti A ACATTCGCCTCAAACAA 
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